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niPFPTIDE NITR1LES 

This invention relates to inhibitors of cysteine proteases, in particular to dipeptide nitrile 
cathepsin inhibitors and to their pharmaceutical use for the treatment or prophylaxis of diseases or 
medical conditions in which cathepsins are implicated. 

The cysteine cathepsins, e.g. cathepsins B. K, L and S, are a class of lysosomal enzymes which 
are implicated in various disorders including inflammation, rheumatoid arthritis, osteoarthritis, 
osteoporosis, tumors (especially tumor invasion and tumor metastasis), coronary disease, 
atherosclerosis (including atherosclerotic plaque rupture and destabilization), autoimmune diseases, 
respiratory diseases, infectious diseases and immunologically mediated diseases (including transplant 
rejection). 

In accordance with the invention it has been found that dipeptide nitriles are particularly useful 
as cysteine cathepsin inhibitors and can be used for the treatment of the above-cited cysteine 

cathepsin dependent conditions. 

Accordingly the present invention provides an N -terminal-substituted dipeptide nitrile, i.e. a 
dipeptide in which the C-terminal carboxy group of the dipeptide is replaced by a nitrile group (- 
ON) and in which the N-terminal nitrogen atom is substituted via a peptide or pseudopeptide 
linkage which optionally additionally comprises a -methylene-hetero atom- linker or an additional 
hetero atom, directly by aryl. lower alkyl, lower alkenyl, lower alkynyl or heterocyclyl, 
or a physiologically-acceptable and -cleavable ester or a salt thereof, 

for use as a pharmaceutical. 

The invention further provides a pharmaceutical composition comprising an N-terminal- 
substituted dipeptide nitrile as defined above as an active ingredient. 

The invention also provides a method of treating a patient suffering from or susceptible to a 
disease or medical condition in which a cathepsin is implicated, comprising administering an effective 
amount of an N-terminal-substituted dipeptide nitrile as defined above to the patient. 

The invention further includes the use of an N-terminal-substituted dipeptide nitrile as defined 
above for the preparation of a medicament for therapeutic or prophylactic treatment of a disease or 
medical condition in which a cathepsin is implicated. 
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The dipeptide nitrite of the invention conveniently comprises a-amino acid residues, including 
both natural and unnatural a-amino acid residues. Herein the "natural a-amino acid residues" denote 
the 20 amino acids obtainable by translation of RNA according to the genetic code or the 
corresponding nitrites thereof, as appropriate. "Unnatural a-amino acid residues" are a-amino acids 
which have a-substituents other than those found in "natural a-amino acid residues". Preferred a- 
amino acid residues, as the C-terminal amino acid residue of the dipeptide nitrite, are the nitrites of 
tryptophan, 2-benzyloxymethyl-2-amino-acetic acid, 2,2-dimethyl-2-amino-acetic acid, 2-butyl-2- 
amino-acetic acid, methionine, leucine, lysine, alanine, phenylalanine, and glycine and derivatives 
thereof, e.g. as hereinafter described. Preferred amino acid residues as the N-terminal amino acid 
residue of the dipeptide nitrite are 1-amino-cyclohexanecarboxylic acid, 1-amino- 
cycloheptanecarboxylic acid, phenylalanine, histidine, tryptophan and leucine and derivatives thereof, 
e.g. as hereinafter described. 

The aryl, lower alkyl, lower alkenyl, lower alkynyl or heterocyclyl substituent (hereinafter 
referred to as R) is attached to the the N-terminal nitrogen atom of the dipeptide via a peptide 
linkage, i.e. as R-C(0)-NH-, or via a pseudopeptide linkage. Suitable pseudopeptide linkages include 
sulphur in place of oxygen and sulphur and phosporous in place of carbon, e.g. as R-C(S)-NH-, R- 
S(0)-NH-, R-S(0) 2 -NH- or R-P(0) 2 -NH and analogues thereof. Additionally the peptide or 
pseudopeptide linkage between the R substituent and the N-terminal nitrogen atom may comprise an 
additional hetero atom, e.g. as R-Het-C(0)-NH-, or a -methylene-hetero atom- linker, e.g. as R-Het- 
CH 2 -C(0)-NH- or R-CH 2 -Het-C(0)-NH~, wherein Het is a hetero atom selected from O, N or S, 
and pseudopeptide containing alternatives thereof, e.g. as defined above. When the linkage between 
the aryl substituent and the N-terminal nitrogen atom comprises a -methylene-hetero atom- linker, 
the methylene group and the hetero atom may be optionally further substituted, e.g. as hereinafter 
described. 

The R substituent may be farther substituted, e.g. by up to 3 substituents selected from 
halogen, hydroxy, amino, nitro, optionally substituted Ci^alkyl (e.g. alkyl substituted by hydroxy, 
alkyloxy, amino, optionally substituted alkylamino, optionally substituted dialkylamino, aryl or 
heterocyclyl), C^alkoxy, C 2 . 6 alkenyl, CN, trifluoromethyl, trifluoromethoxy, aryl, (e.g.phenyl or 
phenyl substituted by CN, CF 3 , halogen, OCH 3 ), aryloxy, (e.g. phenoxy or phenoxy substituted by 
CN, CF 3 , halogen, OCH 3 ), benzyloxy or a heterocyclic residue. 
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Accord in prefer^ embodtaen.s .he invent*, provides a compound of fonuula I. « a 



R 3 R 4 

, r L i XrNH Lc- NH |--c=N 



•2 y 

wherein: 



R , optic* substitute, (at* lower a*,, lower atoyl. k-wer or heterocyOyl); 

n ^ Rj „ independent* hydrogen, or op— y subsumed power alkyl, cydoaUtyl 

bicycloalkyl. or (aryl, biaryl, cycloalkyl or bicycloalkyll-lowe, alkyl]', or 
R, ana R, together reptesen. low., elkylene. op.iona.ly inured by O. S or NR., so as to 
fonn a ring with .he carbon atom .0 which .hey are attached 
wherein Re is hydrogen, lower alkyl or aryl-lower alkyl; or 
either R, or R, are linked by lower alkylene ,0 .he adjacen. nttrogen .0 form a rmg; 
R* and Rs are independently H, or oprionally substituted flower alkyl, aryl-lower alkyl), - 
C(0)OR 7 , or -C(0)NRrR., 

^optionally subs.im.ed (lower alkyl, aryl, aryl-lowcr alkyl, cycloalkyl, bicycloalkyl 
orheterocyclyD.and 

R 8 is H, or optionally substituted (lower alkyl, aryl aryl-lower alkyl, cycloalkyl, 

bicycloalkyl or heterocyclyl), or 
R.andRstogether represent lower afcylene, optionally interrupted by O, S or NR., so as to 

form a ring with the carbon atom to which they are attached 
wherein is hydrogen, lower alkyl or aryl-lower alkyl, or 
R, is H or optionally substituted lower alkyl and R 5 is a subsutuent of formula -X r (Y,V 

(Ar) p -Q-Z 
wherein 

Y, is 0, S, SO, S0 2 , N(R«)S0 2 , N-R* SO.NR*. CONR, or NR.CO; 
n is zero or one; 



WO 99/24460 



PCT/EP98/06937 



-4- 



p is zero or one; 

X 2 is lower alkylene; or when n is zero, X 2 is also C 2 -C 7 -alkylene interrupted by O, S, SO, 
S0 2 , NR«, S0 2 NR«, CONR« or NR$CO; 

wherein R« is hydrogen, lower alkyl or aryl-lower alkyl; 

Ar is arylene; 

Z is hydroxy, acyloxy, carboxyl, esterified carboxyl, amidated carboxyl, aminosulfonyl, (lower 
alkyl or aryl-lower alkyl)aminosulfonyl, or (lower alkyl or aryl-lower 
alkyl)sulfonylaminocarbonyl; or Z is tetrazolyl, triazolyl or imidazolyl; 

Q is a direct bond, lower alkylene, Yrlower alkylene or C r C 7 -alkylene interrupted 

byY,; 

X, is -C(OK -C(S)-, -S(O)-, -S(0) 2 -, -P(0)(OR 6 )- 
wherein R« is as defined above; 
Y is oxygen or sulphur; 

L is optionally substituted -Het-, -Het-CH 2 - or -CH 2 -Het-, 
wherein Het is a hetero atom selected from O, N or S, and 
x is zero or one; 

and aryl in the above definitions represents carbocyclic or heterocyclic aryl, 
for use as a pharmaceutical; 

a pharmaceutical composition comprising a compound of formula I as defined above as an 
active ingredient; 

a method of treating a patient suffering from or susceptible to a disease or medical condition in 
which a cathepsin is implicated, comprising administering an effective amount of a compound 
of formula I as defined above to the patient; and 

use of a compound of formula I as defined above for the preparation of a medicament for 
therapeutic or prophylactic treatment of a disease or medical condition in which a cathepsin is 
implicated. 

The invention also provides novel dipeptide nitriles. 



Accordingly the invention further provides a compound of formula I as defined above 
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provided that when R is lower alkyl not substituted by aryl, 

one of R4 or R 5 is a substituent of formula -X 2 -(Yi) n -(Ar) p -Q-Z, 
provided that when x is one, L is -0-, or -CH 2 -0- and Xi is -C(O)-, 

either one of R4 or R 5 is a substituent of formula -X 2 -(Y|) n -(Ar) p -Q-Z, or R is not 

unsubstituted phenyl, 
provided that when R 2 = R4 = R5 = H, x is zero and Xj is -C(O)-, 

R 3 is not H, -CH 3 , -CH(CH 3 ) 2 , -CH 2 -CH-(CH 3 ) 2 , -CH 2 -COOH, or -CH 2 -COO-CH 2 - 

CH 3 , when R is unsubstituted phenyl, 

R 3 is not H, -CH(CH 3 ) 2 , or -CH 2 -CH-(CH 3 ) 2 , when R is 4-aminophenyl or 4- 
nitrophenyl, 

R 3 is not H when R is 3-aminophenyl, 3-nitrophenyl 2-chloropyridin-4-yl, or vinyl or 
R 3 is not -CH 2 -CH 2 -S-CH 3 when R is pyridin-3-yl or 2-chloropyridin-4-yl, 
provided that when R 2 = R 3 = R* = H, x is zero and X, is -C(O)- and R is phenyl, 
R 5 is not -CH(CH 3 ) 2 , 

provided that when R 3 = R4 = H, R 5 is -CH 2 -CH 2 -COOH, x is zero and X, is -C(O)-, 
R 2 does not form a heterocyclic ring with the adjacent nitrogen atom, and 

provided that when R 2 = R 3 = R4 = R5 = H, x is zero and Xj is -S0 2 -, 
R is not 4-methylphenyl. 

In formula I R, R 2 , R 3 , R4, R5 and L may be further substituted by one or more, e.g. up to 3. 
substituents independently selected from lower alkyl, aryl, aryl-lower alkyl, cycloalkyl, 
heterocyclyl, -CN, -halogen, -OH, -N0 2 , -NR9R10, -X r R 7 , lower alkyl-X 3 -R 8 , halo- 
substituted lower alkyl, 
wherein R? and R 8 are as defined above, 

X 3 is -0-, -S-, -NR 8 -, -C(O)-, -C(S)-, -S(O)-, -S(0) 2 -, -C(0)0-, -C(S)0-, - 
C(0)NR 8 -, 

wherein R 8 is as defined above, 
R 9 and Rm are independently as defined above for Rs, or -X 4 -R 8 , 
wherein X4 is -C(O)-, -C(S)-, -S(O)-, -S(0) 2 -, -C(0)0-, -C(S)0-, -C(0)NR 6 - 
wherein R^ and R 7 are as defined above, or 
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R 9 and R| 0 together with N form a heteroaryl group or a saturated or 
unsaturated heterocycloalkyl group, optionally containing one or more additional 
heteroatoms selected from O, N or S. 

Compounds of formula I exhibit valuable pharmacological properties in mammals, in particular 
as cysteine cathepsin inhibitors. In accordance with the present invention it has been found that by 
appropriate choice of groups R, R2, R3, R4, R5, X u Y and L, the relative selectivity of the 
compounds as inhibitors of the various cysteine cathepsin types, e.g. cathepsins B, K, L and S may 
be altered, e.g. to obtain inhibitors which selectively inhibit a particular cathepsin type or 
combination of cathepsin types. 

In a first aspect the invention provides a compound of formula II, or a physiologically- 
acceptable and -cleavable ester or a salt thereof 




wherein: 

R 20 is optionally substituted (aryl, aryl-lower alkyl, lower alkenyl, lower alkynyl, heterocyclyl, 

or heterocyclyl-lower alkyl); 
R22 is H, or optionallysubstitued lower alkyl, and 

R 23 is optionally substituted (lower alkyl, aryl-lower alkyl, or cyloalkyl-lower alkyl) or 
R 22 and R 2 ? together with the carbon atom to which they are attached form an optionally 

substituted (cycloalkyl group or heterocycloalkyl group); 
R 24 and R25 are independently H, or optionally substituted (lower alkyl, or aryl-lower alkyl), 

-C(0)OR 7 , or -C(0)NR 7 R 8 

wherein R7 and Rg are as defined above, or 
R 24 and R25 together with the carbon atom to which they are attached form an optionally 

substituted (cycloalkyl group or heterocycloalkyl group); 
Xj is as defined above; 
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Y is oxygen or sulphur; 

L' is optionally substituted (-Het-CH 2 - or -CH 2 -Het-), 

wherein Het is a a hetero atom selected from O, N or S, and 
x is 1 or 0, 

provided that when x is one, L is -CH 2 -0- and Xj is -C(O)-, 

R 2 o is not unsubstituted phenyl, 
provided that when R 22 = R24 = R25 = H, x is zero and X, is -C(O)-, 

R 23 is not H, -CH 3 , -CH(CH 3 ) 2 , -CH 2 -CH-(CH 3 ) 2 , -CH 2 -COOH, or -CH 2 -COO-CH 2 - 

CH 3; when R 20 is unsubstituted phenyl, 

R 23 is not H, -CH(CH 3 ) 2 , or -CH 2 -CH-(CH 3 ) 2 , when R 20 is 4-aminophenyl or 4- 
nitrophenyl, 

R 23 is not H when R 2 o is 3-aminophenyl, 3-nitrophenyl 2-chloropyridin-4-yl, or vinyl, or 
R 23 is not -CH r CH 2 -S-CH 3 when R 20 is pyridin-3-yl or 2-chloropyridin-4-yl, 
provided that when R 22 = R 2 3 = R24 = H, x is zero and X, is -C(O)- and R 20 is phenyl, 
R 25 is not -CH(CH 3 ) 2 , 

provided that when R 23 = R 24 = H, R 25 is -CH 2 -CH 2 -COOH, x is zero and X, is -C(O)-, 
R 22 does not form a heterocyclic ring with the adjacent nitrogen atom, and 

provided that when R 22 = R 2 3 = R24 = R 2 5 = H, x is zero and X| is -SO z -, 
R 20 is not 4-methylphenyl. 

Compounds of formula II are typically inhibitors of cathepsins K, L or S, especially selective 
inhibitors of catepsin K or cathepsin L or cathepsin S, or in some case inhibitors of, e.g. cathepsins L 
andS. 

The substituents of the compounds of formula II have the following preferred significances. 
Preferred compounds of formula II comprise compounds having preferred substituents, singly or in 
any combination. 

Preferably when R 20 comprises aryl, the aryl is optionally substituted (phenyl, naphthylenyl, 
phenanthrenyl, thiophenyl, furanyl, pyrrolyl, pyrazolyl, thiazolyl, pyridinyl, indolyl, quinolinyL 
isoquinolinyl, benzothienyl and benzofuranyl). 
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Preferably R22 is hydrogen. 

Preferably R23 is optionally substituted (lower alkyl, aryMower alkyl or cycloalkyl-lower alkyl), 
or R23 and R22 together with the carbon atom to which they are attached form a C 5 -C 8 , especially a 
q, or C 7 , cycloalkylgroup. More preferably R23 is -CH 2 -CH(CH 3 ) 2 , or optionally substituted benzyl, 
cyclohexylmethyl, naphthalenylmethyl, indolylmethyl, benzothienylmethyl or benzofuranylmethyl, or 
R23 and R22 together with the carbon atom to which they are attached form a cyclohexane ring. 

Preferred significances for R 2 4 and R25 are: 

R 24 and R25 are both H or -CH 3 , or 

R 24 is H and R25 is aryl-lower alkyl, lower alkyl, both optionally substitued by up to 3 
substituents selected from amino, halogen (e.g. fluorine or preferably chlorine) or S-CH 3 , or 

R 24 and R25 together with the carbon atom to which they are attached form a C3-C7 cycloalkyl 

ring. 

More preferably R 2 4 is H and R25 is optionally substituted (-CH 2 -phenyl, -CH 2 -indolyl, -(CH 2 ) 2 - 
S-CH3, -CH 2 -CH(CH 3 ) 2 , -(CH 2 )4-NH 2 or -(CH 2 ) 3 -CH 3 ), or yet more preferably R4 and R 5 are both - 
CH 3 , or especially R4 and R 5 are both H. 

Preferably -X r is -C(O)-. 

Preferably Y is =0. 

Preferably either x is 0, or when x is 1 L ? is -CH 2 -CK -NH-CH 2 -, -0-CH 2 - or -S-CH 2 . 
In particular embodiments the invention provides a compound of formula IT or a 
physiologically-acceptable and -cleavable ester or a salt thereof 




wherein: 

R 20 ' is optionally substituted (C 6 -Ci8 aryl or C 4 -C, 8 heteroaryl); 

R 2 { is H, or optionally substitued C r C 8 alkyl, and 

R 7 y is optionally substituted (C 2 -C 8 alkyl, or C 7 -C| 4 aralkyl), or 



WO 99/24460 



PCT/EP98/06937 



-9- 

R 22 ' and R21 together with the carbon atom to which they are attached form an optionally 
substituted (C 3 -C 8 cycloalkyl group or C4-C7 heterocycloalkyl group); 

R24 1 and R25' are independently H, or optionally substituted (C r C 8 alkyl, C7-C14 aralkyl, or 
C5-C4 heteroaralkyl), -C(0)0R 6 , S or -C(0)NR*'R7' 
wherein 

R^' is optionaUy substituted (C»-C 8 alkyl, C7-C14 aralkyl, C 3 -C 8 cycloalkyl, C4-C7 
heterocycloalkyl, C5-C14 heteroaralkyl, C 6 -Ci 4 aryl, or C4-C14 heteroaryl), and 
R 7 ' is H, or optionally substituted (C r C 8 alkyl, C 7 -C] 4 aralkyl, C 3 -C 8 cycloalkyl, C 4 -C 7 
heterocycloalkyl, C5-C14 heteroaralkyl, C 6 -Ci 4 aryl, or C4-Q4 heteroaryl), or 

R 24 * and RV together with the carbon atom to which they are attached form an optionally 
substituted (C 3 -C 8 cycloalkyl group or C4-C7 heterocycloalkyl group); 

X, is -C(O)-, -C(S)-, -S(O)-, -S(0) 2 -, -P(0)(OR6> 
wherein R*' is as defined above; 

Y is oxygen or sulphur; 

L' is optionally substituted (-Het-CH 2 - or -CH 2 -Het-), 

wherein Het is a a hetero atom selected from O, N or S, and 
x is 1 or 0, 

provided that when x is one, L' is -CH 2 -0- and Xj is -C(O)- 

R 2 o' is not unsubstituted phenyl, 
provided that when R 22 * = R24' = R25' = H, x is zero and Xi is -C(O)-, 

R 23 ' is not H, -CH 3 , -CH(CH 3 ) 2 , -CH 2 -CH-(CH 3 ) 2 , -CH 2 -COOH, or -CH 2 -COO-CH 2 - 

CH 3? when R2 0 ' is unsubstituted phenyl, 

R 23 ' is not H, -CH(CH 3 ) 2 , or -CH 2 -CH-(CH 3 ) 2 , when R 20 ' is 4-aminophenyl or 4- 
nitrophenyl, 

R23 is not H when R 20 ' is 3-aminophenyl, 3-nitrophenyl, 2-chloropyridin-4-yl, or vinyl, 
or 

R 23 ' is not -CH2-CH2-S-CH3 when R2o' is pyridin-3-yl or 2-chloropyridin-4-yl. 
provided that when R22 1 = R23' = R24' = H, x is zero and Xj is -C(O)- and R 20 ' is phenyl, 

R 25 ' is not -CH(CH 3 ) 2 , 
provided that when R 23 ' = R24* = H, R 25 ' is -CH 2 -CH 2 -COOH, x is zero and X, is -C(O)-, 
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R 20 ' does not form a heterocyclic ring with the adjacent nitrogen atom, and 
providel that when R22' = = *»' = «■»' H ' * is zer0 ■* X ' is ^ 
Rjo' is not 4-methylphenyl. 

Compounds of formula IF are typically selective inhibitors of cathepsin K. 
In a further aspect the invention provides a compound of formula III 



R32 ^ ,„ 

Rjj-NH— C- CONH-C-CSN 

FU Xj - (Y^n- (Ar)p— Q Z 



wherein 



R 0 is an acyl group derived from an organic carboxylic, carbonic, carbamic or sulfonic acid; 
Z and R33 are independently hydrogen, lower alkyl, cycloalkyl, bicycloalkyl, or (aryl, biaryl, 
cycloalkyl or bicycloalkyl)-lower alkyl; or R* and R 33 together represent lower alkylene 
so as to form a ring together with the carbon to which they are attached; 
R 34 is hydrogen or lower alkyl; 
X 2)Yl , Ar, Q, Z, n and p are as previously defined; 
and pharmaceutical^ acceptable salts and esters thereof 
for use as a pharmaceutical. 

In preferred embodiments the invention further provides a compound of formula III as denned 
above, wherein R30 is an acyl group derived from an organic carboxylic, carbamic or sulfonic and 

Compounds of formula III are typically selective inhibitors of cathepsin B and/or L. 

Particular embodiments relate to the compounds of formula III wherein R30, ^ ^ R«. Q. Z 
and n are as defined above; and wherein 

(a) p is one; 

(b) Yi is O, S, SO, S0 2 , N(R6)S0 2 or N-R«; and 
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(c) X 2 is lower alkylene; or when n is zero, X 2 is also C 2 -C 7 -alkylene interrupted by O, S, SO, 
S0 2 or NRe; 

wherein N 6 is as defined above and pharmaceutical^ acceptable salts thereof. 

Further particular embodiments relate to the compounds of formula III wherein 
R30, R32, R33. R 34- R 35. Ar, Z and Q have meaning as defined above; and wherein 

(a) p is one, n is zero, and X 2 is lower alkylene or C 2 -C 7 -alkylene interrupted by O, S, SO, S0 2 NR«, 
NR«S0 2 i S0 2 NR6, CONRe or NR«CO; or 

(b) p is one, n is one, X 2 is lower alkylene and Y, is O, S, SO, S0 2 , N(Rfi)S0 2 or NRe, S0 2 NR«, 
CONRa, NRsCO; or 

(c) p is one, n is zero and X 2 is lower alkylene; or 

(d) p is one, n is zero and X 2 is C 2 -C 7 -alkylene interrupted by O, S, SO, S0 2 or NR$, S0 2 NRs, 
CONRg or NReCO; or 

(e) p is zero n is one, X 2 is lower alkylene and Y, is O, S, SO, S0 2 , N(R6>S0 2 or NR*, S0 3 NRs, 
CONRe or NRsCO; or 

(f) p is zero, n is zero and X 2 is C 2 -C 7 -alkylene interrupted by O, S, SO, S0 2 or NRe, S0 2 NR«, 
CONRe or NR«CO; 

and pharmaceutical^ acceptable salts thereof: or 

Preferred compounds of formula III are those in which Z is carboxyl or carboxyl derivatized as 
a pharmaceutically acceptable ester. 

A particular embodiment of the invention relates to the compounds of formula III wherein n is 
zero, in particular those of formula III' 



Rgj-NH — CH CONH— CH— C=N III' 

FW (Ar)p-Q— Z 

wherein 

R 30 , X 2 , Ar, Q, and p are as defined above; and wherein 
R 33 ' is carbocyclic or heterocyclic aryl-lower alkyl; 
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T is hydroxy, acyloxy, carboxyl, carboxyl derivatized as a pharmaceutical acceptable ester 
or amide, or 5-tetrazolyl; 
and pharmaceutically acceptable salts thereof. 

In a specific embodiment of the compounds of formula HI\ R 3 o is carboxylic acid derived acyl; 
R 33 ' is carbocyclic or heterocyclic aryl-lower alkyl; X 2 is C r C 5 -alkylene, or X 2 is C 2 -C 4 -alkylene 
interrupted by O or S; p is one; Ar is carbocyclic arylene; Q is a direct bond or C r C 4 -alkylene; and Z 
is carboxyl or carboxyl derivatized as a pharmaceutically acceptable ester; and pharmaceutically 
acceptable salts thereof. 

In a more specific embodiment of the compounds of formula III\ R 30 is aroyl, R 33 ' is 
carbocyclic aryl-methyl; X 2 is C 3 -alkylene; or X 2 is C 2 -alkylene interrupted by O; p is one; Ar is 
phenylene; Q is a direct bond; and Z is carboxyl; and pharmaceutically acceptable salts thereof. 

A further particular embodiment of the invention relates to the compounds of formula III 
wherein n is one, in particular those of formula III" 

Rao-NH— CH CONH— CH— C=N "I" 

h ^'-Y— Ar Q— T 

wherein 

R 3 o, R33 f , Yi, Ar, and T are as defined above; 

X 2 ' is lower alkylene; 

Q' is a direct bond or lower alkylene; 

and pharmaceutically acceptable salts thereof. 

A specific embodiment of the invention is directed to the compounds of formula III" wherein 
R 30 is carboxylic acid derived acyl; R 33 ' is carbocyclic or heterocyclic aryl-lower alkyl; X 2 ' is CrC 4 - 
alkylene; Yj is O or S; Ar is carbocyclic arylene; Q' is a direct bond or C,-Gr alkylene; and T is 
carboxyl or carboxyl derivatized as a pharmaceutically acceptable ester; and pharmaceutically 
acceptable salts thereof. 
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A more specific embodiment of the invention is directed to said compounds of formula III" 
wherein R 30 is aroyl, R33' is carbocyclic aryl-methyl; X 2 ' is C 2 -alkylene; Yi is O; Ar is phenylene; Q' 
is a direct bond; and T is carboxyl, and pharmaceutical^ acceptable salts thereof. 

A yet further aspect of the invention is directed to a compound of formula IV 



^42 ^4 



R 40 C NH C CO NH C C=N (IV) 



R 4 3 R 45 



wherein 

R40 is substituted phenyl or heterocyclic aryl, (mono- or di- carbocyclic or heterocyclic aryl)- 

lower alkyl or lower alkenyl, or heterocyclyl; 

R42 is hydrogen or lower alkyl; 

R43 is carbocyclic or heterocyclic aryl - lower alkyl; 

R44 and R45 are independently hydrogen or lower alkyl; or 

R44 and R45 combined represent lower alkylene; 

and pharmaceutically acceptable salts and esters thereof. 

Preferred are compounds of formula IV wherein R40 is morpholino, substituted phenyl or 
heterocyclic aryl; R42 is hydrogen; R43 is carbocyclic or heterocyclic aryl-lower alkyl; R44 and R45 are 
hydrogen or lower alkyl; or R44 and R45 combined represent ethylene to form a cyclopropyl ring. 

Particularly preferred are compounds of formula IV wherein R40 is pyrazolyl or pyrazolyl 
substituted by 1-3 lower alkyl; R42 is hydrogen; R43 is carbocyclic or heterocyclic aryl-C r C 4 -alkyl; 
and R44 and R45 are hydrogen; or R44 and R45 combined are ethylene. 



Compounds of formula IV are typically selective inhibitors of cathepsin L and/or S. 
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The compounds of formulae I, II, III and IV, depending on the nature of substituents, possess 
one or more asymmetric carbon atoms. The resulting diastereomers and enantiomers are 
encompassed by the instant invention. Preferably, however, e.g. for pharmaceutical use in 
accordance with the invention, the compounds of formulae I, II, III and IV are provided in pure or 
substantially pure epimeric form, e.g. as compositions in which the compounds are present in a form 
comprising at least 90%, e.g. preferably at least 95% of a single epimer (i.e. comprising less than 
10%, e.g. preferably less than 5% of other epimeric forms). 

Preferred compounds of formula I are those wherein the asymmetric carbon to which are 
attached R 2 and/or R? corresponds to that of an L-amino acid precursor and the asymmetric carbon 
to which is attached the cyano group also corresponds to that of an L-amino acid and is generally 
assigned the (S)-configuration. Preferred compounds of formula I wherein R 3 and R4 represent 
hydrogen can be represented by formulae V, V and V", corresponding to preferred compounds of 
formulae II, III and IV respectively 

Thus in particularly preferred embodiments the invention provides a compound of formula V, 



V or V" 




H 
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V 
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wherein the symbols are as defined above, and 
physiologically-acceptable and -cleavable esters or salts thereof. 

The compounds of formula I, II, IF, III, ffl\ III", IV, V, V and V" as defined above are 
hereinafter referred to as Compounds of the Invention. 

The general definitions used herein have the following meaning within the scope of the 
invention, unless otherwise specified. 

The term "lower" referred to above and hereinafter in connection with organic radicals or 
compounds respectively defines such as branched or unbranched with up to and including 7, 
preferably up to and including 4 and advantageously one or two carbon atoms. 

A lower alkyl group is branched or unbranched and contains 1 to 7 carbon atoms, preferably 1 - 
4 carbon atoms. Lower alkyl represents for example methyl, ethyl, propyl, butyl, isopropyl or 
isobutyl. 

Lower alkenyl represents either straight chain or branched alkenyl of 2 to 7 carbon atoms, 
preferably 2-4 carbon atoms, e.g. as vinyl, propenyl, isopropenyl butenyl, isobutenyl or butadienyl. 

Lower alkynyl represents either straight chain or branched alkynyl of 2 to 7 carbon atoms, 
preferably 2-4 carbon atoms, e.g. as acetylenyl, propynyL isopropynyl, butynyl or isobutynyl. 

Lower alkyl, lower alkenyl and lower alkynyl may be substituted by up to 3 substituents 
selected from lower alkoxy, aryl, hydroxy, halogen, cyano, or trifluoromethyl. 

Lower alkylene represents either straight chain or branched alkylene of 1 to 7 carbon atoms 
and represents preferably straight chain alkylene of 1 to 4 carbon atoms, e.g. a methylene, ethylene, 
propylene or butylene chain, or said methylene, ethylene, propylene or butylene chain mono- 
substituted by C r C3-alkyl (advantageously methyl) or disubstituted on the same or different carbon 
atoms by C r C 3 -alkyl (advantageously methyl), the total number of carbon atoms being up to and 
including 7. 

A lower alkoxy (or alkyloxy) group preferably contains 1-4 carbon atoms, advantageously 1-3 
carbon atoms, and represents for example ethoxy, propoxy, isopropoxy, or most advantageously 
methoxy. 
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Halogen (halo) preferably represents chloro or fluoro but may also be bromo or iodo. 

An acyl group as represented by R30 is preferably derived from an organic carbonic acid, an 
organic carboxylic acid, a carbamic acid or an organic sulfonic acid. 

Acyl which is derived from a carboxylic acid represents, for example, carbocyclic or 
heterocyclic aroyl, cycloalkylcarbonyl, (oxaor thia)- cycloalkylcarbonyl, lower alkanoyl, (lower 
alkoxy, hydroxy or acyloxy)- lower alkanoyl, (mono- or di- carbocyclic or heterocyclic) - (lower 
alkanoyl or lower alkoxy-, hydroxy- or acyloxy- substituted lower alkanoyl), or biaroyl. 

Carbocyclic aroyl represents, for instance, benzoyl, benzoyl substituted, by one to three 
substituents selected independently from e.g. halo, trifluoromethyl, lower alkyl, lower alkoxy. 
hydroxy, methylenedioxy, nitro, di-lower alkylamino, cyano, or carbocyclic aroyl represents e.g. 1 - 
or 2-naphthoyl. 

Heterocyclic aroyl represents, for instance, 2-,. 3- or 4-pyridylcarbonyl (such as nicotinoyl). 
furoyl, thienoyl, oxazoloyl, isoxazoloyl, quinoxaloyl, each optionally substituted by e.g. halo, lower 

alkyl, lower alkoxy or nitro. 

(Oxa - or thia)-cyclolalkylcarbonyl is, for example, tetrahydrofuranoyl or tetrahydrothienoyl. 

Di-(carbocyclic or heterocyclic)aryl- lower alkanoyl is, for example, diphenylacetyl or 
dipyridylacetyl. 

Aryl- (lower alkoxy, hydroxy or acyloxy substituted) lower alkanoyl is, for example, phenyl-(2- 
alkoxy, hydroxy or acyloxy)-acetyl. 

Biaroyl is, for example, 2, 3 or 4-biphenylcarbonyl. 

Acyl which is derived from an organic carbonic acid is, for example, alkoxycarbonyl, especially 
lower alkoxycarbonyl, which is unsubstituted or substituted by carbocyclic or heterocyclic aryl or is 
cycloalkoxycarbonyl, especially C 3 -C 7 -cycloalkyloxycarbonyl, which is unsubstituted or substnuted 
by lower alkyl. 

Acyl which is derived from a carbamic acid is. for example, aminocarbonyl which is optionally 
substituted on nitrogen by one or two of lower alkyl, carbocyclic or heterocyclic aryl-lower alkyl 
carbocyclic or heterocyclic aryl, or by lower alkylene or lower alkylene interrupted by O or S. 

Acyl which is derived from an organic sulfonic acid represents, for example, lower 
alkylsulfonyl, carbocyclic or heterocyclic arylsulfonyl, carbocyclic or heterocyclic aryl-lower 
alkysulfonyl, in which aryl is e.g. phenyl, naphthyl or thienyl, such being optionally substnuted by, for 
example, lower alkyl, lower alkoxy, halo, nitro, trifluoromethyl, carboxyl or lower alkoxycarbonyl. 
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Aryl represents carbocyclic or heterocyclic aryl. 

Carbocyclic aryl represents monocyclic, bicyclic or tricyclic aryl, for example phenyl or phenyl 
mono-, di- or tri-substituted by one, two or three radicals selected from lower alkyl, lower alkoxy, 
aryl, hydroxy, halogen, cyano, trifluoromethyl, lower alkylenedioxy and oxy-C 2 -C 3 -alkylene; or 1- or 
2-naphthyl; or 1- or 2-phenanthrenyl. Lower alkylenedioxy is a divalent substituent attached to two 
adjacent carbon atoms of phenyl, e.g. methylenedioxy or ethylenedioxy. Oxy-C 2 -C 3 -alkylene is also 
a divalent substituent attached to two adjacent carbon atoms of phenyl, e.g. oxyethylene or 
oxypropylene. An example for oxy-C 2 -C 3 -alkylene-phenyl is 2,3-dihydrobenzofuran-5-yl. 

Preferred as carbocyclic aryl is naphthyl, phenyl or phenyl mono- or disubstituted by lower 
alkoxy, phenyl, halogen, lower alkyl or trifluoromethyl, especially phenyl or phenyl mono- or 
disubstituted by lower alkoxy, halogen or trifluoromethyl, and in particular phenyl. 

Examples of substituted phenyl groups as R are, e.g. 4-chlorophen-l-yl, 3,4-dichlorophen-l-yl, 
4-methoxyphen-l-yl, 4-methylphen-l-yl, 4-aminomethylphen-l-yl, 4-methoxyethylaminomethylphen- 
1-yl, 4-hydroxyethylaminomethylphen-l-yl, 4-hydroxyethyl-(methyl)-aminomethylphen-l-yl, 3- 
aminomethylphen-l-yl, 4-N-acetylaminomethylphen-l-yl, 4-aminophen-l-yl, 3-aminophen-l-yl, 2- 
aminophen-l-yl, 4-phenyl-phen-l-yl, 4-(imidazol-l-yl)-phen-l-yl, 4-(imidazol-l-ylmethyl)-phen-l-yl, 
4-(morpholin- 1 -yl)-phen- 1 -yl, 4-(morpholin- 1 -ylmethyl)-phen- 1 -yl, 4-(2-methoxyethylaminomethyl)- 
phen-l-yl and 4-(pyrrolidin-l-ylmethyl)-phen-l-yl, 4-(2-thiophenyl)-phen-l-yl, 4-(3-thiophenyl)- 
phen-l-yl, 4-(4-methylpiperazen-l-yl)-phen-l-yl, and 4-(piperidinyl)-phenyl and 4-(pyridinyl)-phenyl 
optionally substituted in the heterocyclic ring. 

Heterocyclic aryl represents monocyclic or bicyclic heteroaryl, for example pyridyl, indolyl, 
quinoxalinyl, quinolinyl, isoquinolinyl, benzothienyl, benzofuranyl benzopyranyl, benzothiopyranyl 
faranyl, pyrrolyl, thiazolyl, oxazolyl, isoxazolyl, triazolyl, tetrazolyl, pyrazolyl, imidazolyl, thienyl, or 
any said radical substituted, especially mono- or di-substituted, by e.g. lower alkyl, nitro or halogen. 
Pyridyl represents 2-, 3- or 4-pyridyl, advantageously 2- or 3-pyridyl. Thienyl represents 2- or 3- 
thienyl. Quinolinyl represents preferably 2-, 3- or 4-quinolinyl. Isoquinolinyl represents preferably 
1-, 3- or 4-isoquinolinyl. Benzopyranyl, benzothiopyranyl represent preferably 3-benzopyranyl or 3- 
benzothiopyranyl, respectively. Thiazolyl represents preferably 2- or 4-thiazolyl, advantageously 4- 
thiazolyl. Triazolyl is preferably 1-, 2- or 5-(l,2,4-triazolyl). Tetrazolyl is preferably 5-tetrazolyl. 
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Preferably, heterocyclic aryl is pyridyl, indolyl, quinolinyl, pyrrolyl, thiazolyl, isoxazolyl. 
triazolyl, tetrazolyl, pyrazolyl, imidazolyl, thienyl, or any said radical substituted, especially mono- or 
di-substituted, by lower alkyl or halogen; and in particular pyridyl. 

Arylene (Ar in formula III) is an aryl linking group in which aryl is heterocyclic or carbocyclic 
aryl, preferably monocyclic as defined above. 

A heterocyclic aryl linking group is for instance (but not limited thereto) 1, 3-pyrazolyl, 2,4- or 
2,5-pyridyl or 1 ,4-imidazolyl in which the groups as depicted in formula III are attached to the ring 
at the indicated positions. 

A carbocyclic aryl linking group is for instance (but not limited thereto) optionally substituted 
phenyl in which the two groups as depicted in formula I are attached ortho, meta or para to each 
other. 

Biaryl is may be carbocyclic biaryl, preferably e.g. biphenyl, namely 2, 3 or 4-bipheriyl, 
advantageously 4-biphenyl, each optionally substituted by e.g. lower alkyl, lower alkoxy, halogen, 
trifluoromethyl or cyano, or heterocyclic-carbocyclic biaryl, preferably e.g. thienylphenyl, 
pyrrolylphenyl and pyrazolylphenyl. 

Cycloalkyl represents a saturated cyclic hydrocarbon optionally substituted by lower alkyl 
which contains 3 to 10 ring carbons and is advantageously cyclopentyl, cyclohexyl, cycloheptyl or 
cyclooctyl optionally substituted by lower alkyl. 

Bicycloalkyl is for example norbornanyl. 

Heterocyclyl represents a saturated cyclic hydrocarbon containing one or more, preferably 1 or 
2, hetero atoms selected from O, N or S, and from 3 to 10, preferably 5 to 8, ring atoms; for 
example, tetrahydrofuranyl, tetrahydrothienyl, tetrahydropyrrolyl, piperidinyl, piperazinyl or 
morpholino. 

AryHower alkyl represents preferably (carbocyclic aryl or heterocylic aryl)-lower alkyl. 

Carbocyclic aryl-lower alkyl represents preferably straight chain or branched aryl-C M -alkyl in 
which carbocyclic aryl has meaning as defined above, e.g. benzyl or phenyl-(ethyl, propyl or butyl), 
each unsubstituted or substituted on phenyl ring as defined under carbocyclic aryl above, 
advantageously optionally substituted benzyl, e.g. benzyl substituted or phenyl lay lower alkyl. 

Heterocyclic aryl-lower alkyl represents preferably straight chain or branched heterocyclic aryl- 
CM-alkyl in which heterocyclic aryl has meaning as defined above, e.g. 2-, 3- or 4-pyridylmethyl or 
(2, 3- or 4-pyridyl)-(ethyl, propyl or butyl): or 2- or 3-thienylmethyl or (2- or 3-thienyI)-(ethyl. 
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propyl or butyl); 2-, 3- or 4-quinolinylmethyl or (2-, 3- or 4-quinolinyl)-(ethyl, propyl or butyl); or 2- 
or 4-thiazolylmethyl or (2- or 4-thiazolyl)-(ethyl, propyl or butyl). 

CycloalkyUower alkyl represents e.g. (cyclopentyl- or cyclohexyl)-(methyl or ethyl). 

BiaryHower alkyl represents e.g. 4-biphenylyl-(methyl or ethyl). 

Acyl as in acyloxy is derived from an organic carboxylic acid, carbonic acid or carbamic acid. 
Acyl represents e.g. lower alkanoyl, carbocyclic aryl-lower alkanoyl, lower alkoxycarbonyl, aroyl, di- 
lower alkylaminocarbonyl or di-lower alkylamino-lower alkanoyl. Preferably, acyl is lower alkanoyl. 

Lower alkanoyl represents e.g. C U7 -alkanoyl including formyl, and is preferably C 2 ^-alkanoyl 
such as acetyl or propionyl. 

Aroyl represents e.g. benzoyl or benzoyl mono- or di-substituted by one or two radicals 
selected from lower alkyl, lower alkoxy, halogen, cyano and trifluoromethyl; or 1- or 2-naphthoyl: 
and also e.g. pyridyicarbonyl. 

Lower alkoxycarbonyl represents preferably C M -alkoxycarbonyl, e.g. ethoxycarbonyl. 

Esterified carboxyl is carboxyl derivatized as a pharmaceutical^ acceptable ester, for example 
lower alkoxycarbonyl, benzyloxycarbonyl or allyloxycarbonyl. 

Amidated carboxyl is carboxyl derivatized as a pharmaceutical^ acceptable amide, for example 
aminocarbonyl, mono- or di-lower alkylaminocarbonyl. 

Pharmaceutically acceptable salts of the acidic compounds of the invention are salts formed 
with bases, namely cationic salts such as alkali and alkaline earth metal salts, such as sodium, lithium, 
potassium, calcium, magnesium, as well as ammonium salts, such as ammonium, trimethyl- 
ammonium, diethylammonium, and tris-(hydroxymethyl)-methyl-ammonium salts. 

Similarly acid addition salts, such as of mineral acids, organic carboxylic and organic sulfonic 
acids e.g. hydrochloric acid, methanesulfonic acid, maleic acid, are also possible provided a basic 
group, such as pyridyl, constitutes part of the structure. 

The compounds of the invention exhibit valuable pharmacological properties in mammals and 
are particularly useful as cysteine cathepsin inhibitors. 

The cathepsin inhibitory effects of the compound of the invention can be determined in vitro by 
measuring the inhibition of e.g. recombinant human cathepsins B, K, L and S. The buffer used in the 
cathepsin B, L and S assays is a 0. 1 M pH 5.8 phosphate buffer containing EDTA ( 1 .33 mM), DTT 
(2.7 mM) and Brij (0.03%). 
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The in vitro assays are carried out as follows: 

(a) For cathepsin B: 

To a microtiter well is added 100 uL of a 20 uM solution of inhibitor in assay buffer followed 
by 50 uL of a 6.4 mM solution of Z- Arg- Arg-AMC substrate (Peptides International) in assay 
buffer. After mixing, 50 uL of a 0.544 nM solution of recombinant human cathepsin B in assay 
buffer is added to the well, yielding a final inhibitor concentration of 10 uM. Enzyme activity 
is determined by measuring fluorescence of the liberated aminomethylcoumarin at 440 nM 
using 380 nM excitation, at 20 minutes. % Enzyme inhibition is determined by comparison of 
this activity to that of a solution containing no inhibitor. Compounds are subsequently 
subjected to a dose response curve analysis to determine IC50 values. 

(b) For cathepsin K: 

The assay is performed in 96 well microtiter plates at ambient temperature using recombinant 
human cathepsin K. Inhibition of cathepsin K is assayed at a constant enzyme (0.16 nM ) and 
substrate concentration (54 mM Z-Phe-Arg-MCA - Peptide Institute Inc. Osaka, Japan) in 100 
mM sodium phosphate buffer, pH 7.0, containing 2 mM dithiothreitol, 20 mM Tween 80 and 1 
mM EDTA. Cathepsin K is preincubated with the inhibitors for 30 min, and the reaction is 
initiated by the addition of substrate. After 30 min incubation the reaction is stopped by the 
addition of E-64 (2 mM), and fluorescence intensity is read on a mult i- well plate reader at 
excitation and emission wavelengths of 360 and 460 nm, respectively. 

(c) For cathepsin L; 

Recombinant human cathepsin L is activated prior to use in this assay: To 500 uL of a 510 nM 
solution of cathepsin L in a 50 mM pH 5.0 acetate buffer containing 1 mM EDTA, 3 mM DTT 
and 150 mM NaCl is added 10 uL of a 625 uM solution of dextran sulfate (ave. mw = 8000), 
and the resulting solution is incubated on ice for 30 min. 4 uL of this solution is then diluted 
into 46 uL assay buffer, yielding a 40 nM enzyme solution. 

To perform the assay, 100 uL of a 20 uM solution of inhibitor in assay buffer is added to a 
microtiter well. 50 uL of a 20 uM solution of Z-Phe- Arg- AMC (Peptides International ! is then 
added. After mixing, 50 uL of the activated 40 nM solution of recombinant human cathepsin L 
in assay buffer is then added to the well, yielding a final inhibitor concentration of 10 uM. 
Enzyme activity is determined by measuring fluorescence of the liberated 
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aminomethylcoumarin at 440 nM using 380 nM excitation of 20 minutes. % Enzyme inhibition 
is determined by comparison of this activity to that of a solution containing no inhibitor. 
Compounds are subsequently subjected to a dose response curve analysis to determine IC 50 
values, 
(d) For cathepsin S: 

To a microtiter well is added 100 uL of a 20 uM solution of inhibitor is assay buffer. 50 uL of 
a 700 uM solution of Z-Val-Val-Arg- AMC substrate (Peptides International) is then added. 
After mixing, 50 uL of a 5.2 nM solution of recombinant human cathepsin S in assay buffer is 
then added to the well, yielding a final inhibitor concentration of 10 uM. Enzyme activity is 
determined by measuring fluorescence of the liberated aminomethylcoumarin at 440 nM using 
380 nM excitation at 200 minutes. % Enzyme inhibition is determined by comparison of this 
activity to that of a solution containing no inhibitor. Compounds are subsequently subjected to 
a dose response curve analysis to determine IC 50 values. 

In view of their activity as inhibitors of cysteine cathepsin enzymes, Compounds of the 
Invention are particularly useful in mammals as agents for treatment and prophylaxis of diseases and 
medical conditions involving elevated levels of cathepsins. Such diseases include diseases involving 
infection by organisms such as Pneumocystis carinii, trypsanoma cruzi, trypsanoma brucei, crithidia 
fusiculata, as well as parasitic diseases such as schistosomiasis and malaria, tumours (tumour 
invasion and tumour metastasis), and other diseases such as metachromatic leukodystrophy, 
muscular dystrophy, amytrophy and similar diseases. 

Cathepsins, in particular K, have been implicated in diseases of excessive bone loss, and thus 
the Compounds of the Invention may be used for treatment and prophylaxis of such diseases, 
including osteoporosis, gingival diseases such as gingivitis and periodontitis, Paget's disease, 
hypercalcemia of malignancy, e.g. tumour-induced hypercalcemia and metabolic bone disease. Also 
the Compounds of the Invention may be use for treatment or prophylaxis of diseases of excessive 
cartilage or matrix degradation, including osteoarthritis and rheumatoid arthritis as well as certain 
neoplastic diseases involving expression of high levels of proteolytic enzymes and matrix 
degradation. 



WO 99/24460 



PCT/EP98/06937 



-22- 

Compounds of the Invention, are also indicated for preventing or treating coronary disease, 
atherosclerosis (including atherosclerotic plaque rupture and destabilization), autoimmune diseases, 
respiratory diseases and immunologically mediated diseases (including transplant rejection). 

Compounds of the Invention, in particular cathepsin K selective inhibitor compounds, are 
particularly indicated for preventing or treating osteoporosis of various genesis (e.g. juvenile! 
menopausal, postmenopausal, post-traumatic, caused by old age or by cortico-steroid therapy or 
inactivity). 

Beneficial effects are evaluated in in vitro and in vivo pharmacological tests generally known in 
the art, and as illustrated herein. 

The above cited properties are demonstrable in in vitro and in vivg tests, using advantageously 
mammals, e.g. rats, mice, dogs, or isolated organs and tissues, as well as mammalian enzyme 
preparations, either natural or prepared by e.g. recombinant technology. Compounds of the 
Invention can be applied in vitro in the form of solutions, e.g. preferably aqueous solutions or 
suspensions, and in vivo either enterally or parenterally, advantageously orally, e.g. as a suspension 
or in aqueous solution, or as a solid capsule formulation. The dosage in vitro may range between 
about 10* 5 molar and 10" 9 molar concentrations. The dosage in vivo may range, depending on the 
route of administration, between about 0.1 and 100 mg/kg. 

The antiarthritic efficacy of the compounds of the invention for the treatment of rheumatoid 
arthritis can be determined using models such as or similar to the rat model of adjuvant arthritis, as 
described previously (R.E. Esser, et. al. J. Rheumatology, 1993, 20, 1 176.) 

The efficacy of the compounds of the invention for the treatment of osteoarthritis can be 
determined using models such as or similar to the rabbit partial lateral meniscectomy model, as 
described previously (Colombo et al. Arth. Rheum. 1993 26, 875-886). The efficacy of the 
compounds in the model can be quantified using histological scoring methods, as described 
previously (O'Byrne et al. Inflamm Res 1995, 44, S117-S118). 

The efficacy of the compounds of the invention for the treament of osteoporosis can be 
determined using an animal model such as the ovarectomised rat or other similar species in which 
test compounds are administered to the animal and the presence of markers of bone resorption are 
measured in urine or serum (e.g. as described in Osteoporos Int (1997) 7:539-543). 

The compounds of the invention are prepared by: 
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(a) converting an amide of the formula VI 



I I 

NH-C - CO NH- C - CONH, 



R 2 



VI 



wherein R, R2, R3, R4 and R5 have meaning as previously defined for the compounds of 
formula I to a nitrile of formula I; or 

(b) condensing a compound of the formula VII 



NH 2 -C-C = N 



VII 



wherein Rt and R 5 have meaning as defined hereinabove, with an acid of formula VIII 



R-L- 



-X— NH- 



-C-COOH 

I 

R 2 

VIII 



wherein R, R2 and R3 have meaning as defined above; or with a reactive derivative thereof; or 



(c) condensing a compound of the formula la 



1 5 r 

H 2 N-C-CONH-C-C=N (la) 
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wherein R2, R3. R* ^ ^ have meaning as defined hereinabove with an acid corresponding to the 
group R-[L] X -Xr or with a reactive derivative thereof; and in the above processes, if required, 
temporarily protecting any interfering reactive groups and then isolating the resulting compound of 
the invention; and, if desired, converting any resulting compound into another compound of the 
invention; and/or if desired, converting a resulting compound into a salt or a resulting salt into the 
free acid or base or into another salt. 

Appropriate protecting groups are used for starting compounds and intermediates, for instance 
as hereinafter described in the Examples. 

The conversion of primary amides of formula V to the nitriles of formula I, according to 
process (a), can be carried out according to methods well known in the art for the dehydration of a 
primary amide to a nitrite, e.g. with thionyl chloride in the presence of a base. A preferred procedure 
involves the treatment with oxalyl chloride and pyridine in DMF at or below room temperature as 
illustrated in the examples. 

The starting materials of formula VI can be prepared by condensing an amino acid amide of 

formula IX 



R 4 

I IX 
NH 2 -C-CONH 2 



wherein R4, and R 5 have meaning as defined above with an acid of the formula VIII, in protected 
form as appropriate. 

The condensation can be carried out according to methods well-known in the art, e.g. by 
reacting a mixed anhydride or an acyl halide of the acid of formula VIII e.g. the acid chloride, with 
an amino acid amide of formula IX, in an inert solvent such as methylene chloride, in the presence of 
a base, such as an amine like triethylamine or pyridine. 

The acylation of an acid of formula VIII with an amino acid amide of formula IX can also be 
carried out in the presence of a condensing agent such as N-(3-dimethylaminopropyl)-N'-ethyl- 
carbodiimide, optionally in the presence of e.g. hydroxybenzotriazole or l-hydroxy-7-azabenzo- 
triazole, and a base such as N-methylmorpholine. 
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The amino acid amides of formula IX are either known or can be prepared according to 
methodology known in the art and illustrated herein. 

Alternative procedures and conditions may be used; for instance as described in the 

Examples. 

Compounds of the invention are either obtained in the free form, or as a salt thereof if salt 

forming groups are present. 

Acidic Compounds of the Invention may be converted into metal salts with pharmaceutically 
acceptable bases, e.g. an aqueous alkali metal hydroxide, advantageously in the presence of an 
ethereal or alcoholic solvent, such as a lower alkanol. Resulting salts may be converted into the free 
compounds by treatment with acids. These or other salts can also be used for purification of the 
compounds obtained. Ammonium salts are obtained by reaction with the appropriate amine, e.g. 

diethylamine, and the like: 

Compounds of the Invention having basic groups can be converted into acid addition salts, 
especially pharmaceutically acceptable salts. These are formed, for example, with inorganic acids, 
such as mineral acids, for example sulfuric acid, a phosphoric or hydrohalic acid, or with organic 
carboxylic acids, such as (CrC 4 )alkanecarboxylic acids which, for example, are unsubstituted or 
substituted by halogen, for example acetic acid, such as saturated or unsaturated dicarboxylic acids, 
for example oxalic, succinic, maleic or fumaric acid, such as hydroxycarboxylic acids, for example 
glycolic, lactic, malic, tartaric or citric acid, such as amino acids, for example aspartic or glutamic 
acid, or with organic sulfonic acids, such as (C,-C 4 )-alkylsulfonic acids (for example methanesulfonic 
acid) or arylsulfonic acids which are unsubstituted or substituted (for example by halogen). 

Preferred are salts formed with hydrochloric acid, methanesulfonic acid and maleic acid. 
In view of the close relationship between the free compounds and the compounds in the form 
of their salts, whenever a compound is referred to in this context, a corresponding salt is also 
intended, provided such is possible or appropriate under the circumstances. 

The compounds, including their salts, can also be obtained in the form of their hydrates, or 
include other solvents used for their crystallization. 

The pharmaceutical compositions according to the invention are those suitable for enteral, 
such as oral or rectal, transdermal, topical, and parenteral administration to mammals, including man, 
to inhibit cathepsin activity, and for the treatment of cathepsin dependent disorders, in particular 
inflammation, osteoporosis, rheumatoid arthritis and osteoarthritis, and comprise an effective amount 
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of a pharmacologically active compound of the invention, alone or in combination, with one or more 
pharmaceutical^ acceptable carriers. 

More particularly, the pharmaceutical compositions comprise an effective cathepsin inhibiting 
amount of a Compound of the Invention. 

The pharmacologically active Compounds of the Invention are useful in the manufacture of 
pharmaceutical compositions comprising an effective amount thereof in conjunction or admixture 
with excipients or carriers suitable for either enteral or parenteral application. Preferred are tablets 
and gelatin capsules comprising the active ingredient together with a) diluents, e.g. lactose, dextrose, 
sucrose, mannitol, sorbitol, cellulose and/or glycine; b) lubricants, e.g. silica, talcum, stearic acid, its 
magnesium or calcium salt and/or polyethyleneglycol; for tablets also c) binders e.g. magnesium 
aluminum silicate, starch paste, gelatin, tragacanth, methylcellulose, sodium carboxymethylcellulose 
and or polyvinylpyrrolidone; if desired d) disintegrants, e.g. starches, agar, alginic acid or its sodium 
salt, or effervescent mixtures; and/or e) absorbents, colorants, flavors and sweeteners. Injectable 
compositions are preferably aqueous isotonic solutions or suspensions, and suppositories are 
advantageously prepared from fatty emulsions or suspensions. Said compositions may be sterilized 
and/or contain adjuvants, such as preserving, stabilizing, wetting or emulsifying agents, solution 
promoters, salts for regulating the osmotic pressure and/or buffers. In addition, they may also 
contain other therapeutically valuable substances. Said compositions are prepared according to 
conventional mixing, granulating or coating methods, respectively, and contain about 0. 1 to 75%, 
preferably about 1 to 50%, of the active ingredient. 

Tablets may be either film coated or enteric coated according to methods known in the art. 
Suitable formulations for transdermal application include an effective amount of a compound 
of the invention with carrier. Advantageous carriers include absorbable pharmacologically 
acceptable solvents to assist passage through the skin of the host. For example, transdermal devices 
are in the form of a bandage comprising a backing member, a reservoir containing the compound 
optionally with carriers, optionally a rate controlling barrier to deliver the compound of the skin of 
the host at a controlled and predetermined rate over a prolonged period of time, and means to secure 
the device to the skin. Matrix transdermal formulations may also be used. 

Suitable formulations for topical application, e.g. to the skin and eyes, are preferably aqueous 
solutions, ointments, creams or gels well-known in the art. Such may contain solubilizers, stabilizers, 
tonicity enhancing agents, buffers and preservatives. 
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• an effective cathepsin inhibiting amount of a 
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or dtffeent ^ „ depends on >te *P „„. Au ml 

( ^,, lhe ^^ f ^ l50M7 „ k6ma ,co» t a»« 
w oral administration to 

« h - 3 k L -or S depondeo, «*- d=sc.*d M 

active in a mammal d of lbe Invention. oste0 arthritis, and 

teto8 W««s ~~ ^ presMre , prefer* W „ 

--•-rr-- 



WO 99/24460 



28 



PCT/EP98/06937 



EXAMPLES 

Example 1: Pre paration of Tndnl-4-vl-C(OVLeu-Glv(CN^ of formula X 

H 

ii 9 H ^ 

CH 2 /C H 3 X 
CH 

CH 3 

A. Fmnc-T^U-GlvfCN) 

[i.(ry fl nnmethvl-c arhaniQvn-3>methvl-butvlVcarbaniic acid 9.H.-fluoren-9-vl methyl ester 
Fmoc-Leucine (0.27mmol) and aminoacetonitrile hydrochloride (32.4mmol) are dissolved in 
dimethylformamide (300ml) and cooled with ice-salt, HOBt (32.4mmol) and WSCD (32.4mmol) are 
added, and the reaction mixture is stirred at 4 - 25°C over night. After evaporation of the solvent, the 
residue is extracted with ethyl acetate. The extract is washed with saturated sodium bicarbonate, IN 
hydrochloric acid and brine, dried over magnesium sulfate and the solvent is evaporated. 
Chromatography on silica gel using n-hexane/ethyl acetate=l/l (v/v) gives the product in 90% yield. 
mp.l73-175°C, Rf=0.68 (chloroform:methanol:acetic acid=90: 10: 1). 

B. H-I^u-GMCN) 
2-Amino-4-methvl-pentanoic acid cvanomethyl-amide 

Fmoc-Leu-Gly(CN) (18mmol) is dissolved in 20% piperidine in dimethylformamide (36ml). 
The reaction mixture is stirred at room temperature for 60min. After evaporation of the solvent and 
chromatography on silica gel using n-hexane, n-hexane/ethyl acetate=l/l and 10% methanol in 
chloroform, the product is obtained in 93% yield, 
oil, Rf=0.73 (n-propanol:water:ethyl acetate:ammonia=5: 1:2:1). 

C. TndnUS-vl-CfOVl^U-GlvfCN) 

Indol-5-ylcarboxylic acid (l.Oeq.) and H-Leu-Gly(CN) (1.2eq.) are dissolved in 
dimethylformamide and cooled with ice-salt. HOBt (1.2eq.) and WSCD (1.2eq.) are added and the 
reaction mixture is stirred at 4 - 25 °C over night. After ethyl acetate is added to the reaction mixture, 
the organic layer is washed with saturated sodium bicarbonate, IN hydrochloric acid and brine, dried 
over magnesium sulfate and evaporated. Chromatography on silica gel gives the title product in 70% 
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yield. 

mp. 201-204°C, Rf=0.39 (n-hexane:AcOEt=l:2) 

Example 2 5-Amino-quinoline-2-carboxvlic acid fl-fcyanomethyl-carbamoyl) 

-3-methvl-butvll-amide 
5-Nitro-quinoline-2-carboxylic acid [1 -(cyanomethyl-carbamoyl)-3-methyl-butyl] -amide 
(0.35mmol) is dissolved in tetrahydrofuran (10ml) and methanol (10ml) at room temperature. Na 2 S 2 0 4 
aq * (7mmol) is added to the solution, and the reaction mixture is heated at reflux for 90min. The 
crude product is isolated by filtration and purified by chromatography on silica gel using 2% 
methanol in chloroform. The product is obtained in 33% yield. mp.l90-194°C, Rf=0.60 
(n-hexane:ethyl acetate=l:5). *A.S.Kende et aL f Tetrahedron Lett., 25, 923-926, (1984). 

Example 3 p -Acetamidomethvlbenzoyl-Leu-GlyrCN) 

p-Aminomethylbenzoyl-Leu-Gly(CN) (see Example 14 below)(0.33mmol) and acetic acid (3.3mmol) 
are dissolved in dimethylformamide (10ml) and cooled in an ice bath. HOBt (0.4mmol) and WSCD 
(0.4mmol) are added and the reaction mixture is stirred at 4 - 25 °C over night. After evaporation of 
the solvent, the residue is extracted with ethyl acetate. The extract is washed with saturated sodium 
bicarbonate, IN hydrochloric acid and brine, dried over magnesium sulfate and evaporated. 
Diethylether is added to the residue to give a precipitate, which is collected by filtration and 
precipitated again from ethyl acetate with diethylether to give the product in 32% yield. 
mp.l76-!84.5°C, Rf=0.24 (chloroform:methanol =9:1). 

By repeating the procedures described in the above Examples using appropriate starting 
materials and conditions the following compounds of formula XI are obtained as identified below in 
Table 1. 
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Table 1 
H O 

V II CH, 
Q S CH M CEEN 



H 



CH 
I 

CH, 



Example No. 



Rx 



mp. (°C) 



Rf (solvent) 



H 




52-70 



0.24 (n-hexane: AcOEt= 1:1) 



H 




150-160 



0.30 (n-hexane: AcOEt= 1:2) 



H 
/ 

N 




170-194 



0.77 (n-hexane: AcOEt= 1:2) 




169-184.5 



0.43 (n-hexane: AcOEt= 1:1) 




210-235.5 0.39 (n-hexane:AcOEt=l:l) 




174.5- 
176.5 



0.48 (n-hexane: AcOEt= 1:2) 



10 




163-167 



0.42 (n-hexane: AcOEt=l : 1 ) 
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Example No. 


Rx 


mp. (°C) 


Rf (solvent) 


11 


0 


234-242 


0.43 (n-hexane:AcOEt=l:l) 


12 


ax 


156- 
158.5 


0.31 (n-hexane:AcOEt=l:l) 


13 




191.5- 
199 


0.45 (n-hexane: AcOEt= 1:1) 


14 


h 2 nchH^>— 


57-64 


0.80 (n-hexane: AcOEt=l:2) 


15 


HjNCHj 




0.31 

(chloroform:MeOH=7:3) 


16 




89-95 


0.61 (n-hexane:AcOEt=l:2) 


17 


NH 2 


223-224 


0.23 (n-hexane: AcOEt= 1:2) 


18 


UK 


143-144 


0.70 (n-hexane:AcOEt=l:2) 


19 






0.33 (n-hexane:AcOEt=l:l) 
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Example No. 


Rx 


mp. (°C) 


Rf (solvent) 


20 






0.47 (n-hexane: AcOEt= 1:1) 


21 


C , H 3 ru 


122-126 


0.18(CH 2 Cl 2 :MeOH=9:l) 


22 


CH 2 CH 2 


oil 


0.17 

(CH 2 Cl 2 /MeOH/NIi>9: 1 ) 




CH, 


248-250 


0.35 (CH 2 Ch/MeOH=9:l) 


24 


CH 2 

.a a 


136-138 


0.21 (CH 2 Cl 2 /MeOH=95:5) 


25 




225-227 


0.10 (CH 2 Cl 2 /MeOH=9:l) 


26 


CH.O-CH, 1 II 
3 CH 3 


97-99 


0.41 (CH 2 Cl 2 /MeOH=9:l) 


27 


Cn 2 


164-168 


0.27fCH 2 Cl 2 /MeOH=9:l) 


28 


CH 2 


114-116 


0.16 

(CH 2 Cl 2 /MeOH=95:5) 


29 


CH 2 


<70 


0.16 (CH 2 Cl 2 /MeOH=9:l) 
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Example No. 


Rx 


mp. (°C) 


Rf (solvent) 


30 




89-91 


0.19 (CH 2 Cl 2 /MeOH=9:l) 



Example 3 1 Inriole-2-carboxvlic acid ( l-f(cvano-dimethvi-methvl)-carbamoy l1 

-ryrlnhex yll -amide 
^ Fmoc-l-aminocvclohexane carboxylic acid 

The title compound is prepared from 1-cyclohexane carboxylic acid (7mmol), Fmoc-CI (7.7mmol) 
and NaOH (14mmol) in the usual manner in 18 % yield. Rf=0.17 (n-hexane:ethyl acetate=l:2). 
B Roc-2-Aminoisobutvric acid amide 

28% aqueous ammonia (66mmol) is added to the mixed anhydride (prepared from 22mmol of 
Boc-2-aminobutyric acid and 22mmol of iso-butylcholoroformate by customary procedures) at 
-20°C The reaction mixture is stirred at 4 - 25°C overnight. After evaporation of the solvent, the 
residue is extracted with ethyl acetate. The extract is washed with saturated sodium bicarbonate, IN 
hydrochloric acid and brine, dried over magnesium sulfate and evaporated. The crude product is 
purified by chromatography on silica gel using n-hexane/ethyl acetate=l/l and n-hexane/ethyl 
acetate=l/2, to give the product in 31 % yield, 
mp. 168- 177.5°C, Rf=0.41 (chloroform:methanol=9: 1). 
q 2-Aminobu t yric acid amide hydrochloride 

Boc-2-Aminoisobutyric acid amide is dissolved in 4N hydrochloride in dioxane. The reaction mixture 
is stirred at room temperature for 60min. Diethylether is added to the solution to give a white 
precipitate, which is collected in 91 % yield by filtration. The crude product is used for the next 
coupling without further purification. 
Rf=0.28 (n-PrOH:H 2 0:ethyl acetate:NH3=5: 1 :2: 1). 

D Fmnr-1-Amino-cvclohexanecarboxvlic a cid (1 -carbamoyl- 1 -methyl-ethyl) 

-amide 

Fmoc-l-aminocyclohexane carboxylic acid (2.2mmol) and 2-aminobutyric acid amide hydrochloride 
(2.2mmol) are dissolved in dimethylformamide (30ml) and cooled with ice-salt. HOBt (2.6mmol) and 
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WSCD (2 6mmol) are added and the reaction mature is stirred at 4 - 25'C over night. After 
evaporation of the solvent, the residue is extracted with ethyl acetate. The extract is washed with 
saturated sodium bicarbonate, IN hydrochloric acid and brine, dried over magnesium sulfate and 
evaporated The crude product is purified by chromatography on silica gel using n-hexane/ethyl 
ace tate=l/4 and n-hexane/ethyl acetate=l/6, to give the product in quantitative yield. 
mp.l77.5-178.5°C, Rf=0-24 (n-hexane:ethyl acetate=l:5) 

, A P . fr i n t, f , rt > nP rarhr>x vlic aci d (cvano-dimethyl-met] 
E. FmoCzkATOjnors^— 

-amide 

Thionyl chloride <M-A > — » "» M ""' 0n °' -l-"*^*-— ■* 

„ JL*-!--*-*-* (M6 " mi) "-**"—"■ (,omi) * 4 " c The reaction 

nature is stirred at 4'C for 2h.. ethyl acetate and saturated sodium bicarbonate solution are added 
and the organic layer is washed with brine, dried oyer magnesium sulfate and evaporated. The crude 
pmduc. is purified by chromatography on silica gel using n-hexane/ethy. acetate^, . to g,ve the 
product in quantitative yield. 
Rf=0 57 (n-hexane:ethyl acetate=l:l). 

1=Aato ^ M Mla rilB » HH ^-vano-dimethvl-methyl)-amide 
F^c-l-Amino-cyclohexanecarboxyhc acid (cyano-dimethyl-methyl)-amide (2.1 mmo.) is dissolved 
in 20% piperidin in dimethylformamide (6.3ml). The reaction mixture is stirred at room temperature 
for 60min After evaporation of the solvent, the crude product is purified by chormatography on 
silica gel using n-hexane, n-hexane/ethyl acetate=l/l and 10% methanol in chloroform, to g,ve the 
product in 31 % yield, oil, 

Rf=0 84 (n-propanol:water:ethyl acetate:ammonia=5: 1:2:1) 

Q iii ^y L2 Mili(iiy1ir^ir1 [1 K^n.-Hi^thvl-methvlVcarbanmll 

-cjclohexyjj^mide 
2-Indole carboxylic acid (O.Slmmol) and 1-amino-cyclohexanecarboxylic acid 
(cvano-drmethyl-methyD-amide (0.61mmol) are dissolved in dimethylformamide (15ml) and cooled ■ 
an ice bath HOBt (0.61mmol) and WSCD.HC1 (0.61mmol) are added and the reaction mixture ,s 
stirred at 4 - 25°C over night. After evaporation of the solvent, the residue is extracted wnh ethyl 
acetate The extract is washed with saturated sodium bicarbonate, IN hydrochloric acid and bnne, 
dried over magnesrum sulfate and evaporated. The crude product is purified by chromatography on 
silica using n-hexane/ethyl acetate=4/l and n-hexane/ethyl acetate=2/l, to g.ve the product . 71% 
yield. 
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mp.200-202°C, Rf=0-55 (n-hexane.ethyl acetate= 1: 1) 

Example 32 SjffllhesisofJ 

jj^hyi-hiityll-amide 

^^^^^ ^ acid cya ngingthyj 

A. 

N-TCbutyloxyc^yl-isofcucinc semihydrare (3g, HOB, (3.7, g, 27.5 mmol. 2.2 =,.) 

-I rtMrtk hydrochloride (1.27g. 13.7—* Lie,.) are delved in dimethylformam.de 
« and WSCD <2.5ml, 13.7— I. Lie,.) is added. After firing fo, > hou, a, rt, 4% sod™ 
bicarbonate solution is added and ,he mixure is exftaoed with «hyf acetate. The organic layer ,s 
^ wi.h sodium bicarbonate and ditote hydremic acid, dried over magnesium sulfate and 
evaporated, to give the prodnct in quantitative yield. 

125- 133.5°C, Rf= 0.44 (hexanes:elhyl acetate =1:1) 
g am naJjpaliyl rf* cvuiomethvl-jimide hydrochloride 

2 ..rt-BntyloxycartonylannnoJ.me.hy^enunoic acid cyanome.hyl-amJde (2g, 7.4 mmol) is 
dissolved in 4N hydrochloride in dioxane (10ml). After 15n*. a, rt the solvent is evaporated to g.ve 
* product in quantitative yield. The crude product is used for .he next sup without further 
purification. 

Rf (free amine) = 0.33 (ethyl acetatermethanol = 10: 1) 

c LUMjj]LUr 2 niW ;. acid [i-^.v.norrefhvl-rRrhamov^-methv l 

-hiit yl]-amide 

2-Naph,hoylchloride (255mg, 1.34mmol, 1.1 eq.) is added to the solution of 
2 amuroO-methyl-pentanoic acid cyanomerhyUnride hydrcchJoride <250mg, Uta—) and 
trierhylamine (0.42ml. 3.04mmol. 2.5 eq.) in 5 ml dtchloromethane. After 1 hour at « 1 N 
bydrochJortc acid is added and the reaction mixture is extracted with ethyl acetate. The organic layer 
h waahed with sa.ura.ed sodium bicarbonate solution, dried over magnesium sulfate and evaporated. 
Chromatography on silica gel (hexane/ethyl acetate .0/1 to 5/1, Mowed by efhyl acetate) gives the 
product in 97% yield (381mg). 

mp. 203.5-207°C, Rf= 0.44 (hexanes.ethyl acetate = 1: 1). 
Example33 M^isofJ^^ 

b UI yj g y-bjmio^ 
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njjiar-ht^i™°- 0 -" rhnn y n ^ 

^oleucine molester hydrochloride (2.0g, 1 1 .Onuno.) and triethylamine (3.1ml, 22.0nu.oL 2eq.) 
are dissolved in dichloromethane (40ml). The solution is cooled in an icebath and 
2-naphthoylchloride (2.1g, 1 1 -Ornrnol, kq.) * added. The react.cn mature « aliowed to warn, up to 
rt and after 1 hour IN hydrochloric acid is added. The mixture is extracted with ethyl acetate, the 
org amc layer is washed with saturated sodium bicarbonate solution, dried over magnes.m sulfate 
and evaporated to give the product in 98% yield. 

Rf= 0.50 (hexanes:ethyl acetate = 2: 1) 

B ^.(Ni. phthalene^-ra rbonvD-isoleucine 

N.N.ph.^-bonyl)— = master <3..4g, U-ri> h — '» * tnUturnof 

^hanoHMml, and . H^— ' ^>- ^"7*" 
^ is hea^d for > ^ at 40°C. 1 N hydrochloric acid and hrt* is added and the mrxture* 
^cd »i.h ethyl * organ, layer is d*d over tnagnesiutn sulfate and evaded to 

give the ptodnct in quantitative yield (partly epinremed). 

Rf= 0.32 <hexane:etltyl acetate ■ 1 :2) 

(S) i-rv 1 .n n -1-m h V l - h " | v' a tnine hydrochloride 

^-Bnty^hooyl.,^-^-^^ (CAS 1 15654-59-6, <3,g. 17.W, is 
iLlved * 4N hydtogenchlo* in dioxa. M Met ,5 r-es a. tt the solvent ts 
I reaidue is taaen op in diethylether. the solid is fdteted and dtied in vacuunt to g ,ve the ptodnct ,n 

81 % yield. 

Rf (free amine) = 0.34 (hexane:ethyl acetate = 1:1) 
D HapJitiialen^^ 

2 ny»tbY'- h " tvll - anude 

N , N aph,halene-2-cathon,.)— e (250^, 0M. (S,.,-eyano-3.n»,hyl-huty^ne 
„U 0^.. M -d HOBt (260n,g. 1*-* 2.2e,.> ate dissove, in 
L, L WSCD «U7nd, O^mmol. 1. *) is adde4. After stirring fot 1 hont a, rt, 4% soduun 
Lbonare sohrtion ,s added and the mixture is extracted with ethyl acetate. The organic lava, . 
^ with sodium htcathonate and dilute hydrochlonc acid, dried over nugnestum sulfae and 
evaporated. Chrontatogtaphy on silica gal (hexane/ethy, acetate V» gives the ptoduc, . 68 « yield 

(mixture of epimers). 

Rf= 0.43 (hexanes:ethyl acetate = 2: 1) 
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Example34 ggtftjg ^^ =0 -cyano-3-methyl 

j^yl^rh ^nvlVS-methvl-hutyll-amide 
A N.{N,p hthalenf -^"hnnylVleucine 

The title compound is prepared analogously is prepared similar to N-(Naphthalene-2 
-carbonylHsoleucine (see above) in 98% yield, starting from leucine methylester. 
Rf= 0.34 (hexanesxthyl acetate = 1:1) 

B 3j4MulL!1 r - Mrr-Y' ; - acid P -JJ -cvano-Vmethvl-hutylcarbamoyD-S , 

ma th v i.hiiiyll-amide 

N-(Naphthalene-2-carbonyl)-leucine (250mg, 0.88mmol), (SM-cyano-3-methyl-butylamine (143mg, 
0.96mmol, U eq.) and HOBt (260mg, 1.93mmol, 2.2eq.) are dissovled in dimethylformamide (5ml) 
and WSCD (0.18ml, 0.97mmol, Lleq.) is added. After stiring for 1 

hour at rt 4% sodium bicarbonate solution is added and the mixture is extracted with ethyl acetate. 
The organic layer is washed with sodium bicarbonate and dilute hydrochloric acid, dried over 
magnesium sulfate and evaporated. Chromatography on silica gel (hexane/ethyl acetate 2/ 1 ) gives the 
product in 79% yield (mixture of epimers). 
Rf= 0.44 (hexane:ethyl acetate = 2: 1) 

Example3 5 Mar^alen^ 
^ethjlcartap^ 

The title compound is prepared analogously to the compound of Example 22. 
NKNaphthalene-2-carbonyD-leucine and l-cyano-2-(e-indol-3-y.)-ethylamine (CAS 169545-97-5) 
are reacted by the same procedure as for Naphthalene-2-carboxylic acid 

[H ,-cyano-3-methy^^ t0 g,Ve ^ ™° ™ *" 

chromatography on silica gel (hexane/ethyl acetate 1/1) (mixture of epimers). 

Rf= 0.59 (hexane:ethyl acetate =1:1) 

Example36 ^^m^m^r acidll ( l.r V ,no-l-mHhyl-e.thvlcarbamoyl)-3 ^thy^ 
hnt y1]-amide 

^^g^^Buj^loxy^ar^ 1 -ryano- 1 -methyl-ethylamine 
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O y 

H 



Hoc 2-aminoisobutyric acid amide(4.58g, 22.6 nnnoQ and triethylamine(7 ml. 50mmol, 2.2eq.) are 
dissolved in THF(lOOml) and trifluoroacetic acid anhydride(3.5 ml, 25mmol, U eq.) is added at 0. 
The reaction mixture is stirred at 0° for 1 hour.The mixture is concentrated and water is added. The 

organic layer is extracted with ethyl acetate, washed with brine, dried over sodium sulfate and 

evaporated. The crude product is purified by chromatography on silica gel using n-hexane/ethyl 

acetate=20/l, 10/1, 5/1 and 1/1 to give the product in 74 % yield. 

Rf=0.45(n-hexane/ethyl acetate=3/l) 

i -r yann- 1 -me t ■■ yl-ethvlamine hydro chloride 

y 

HCI. H 2 N CN 

N -tert-Buty^^ g ' 16 8 ^ * ***** 

dioxane( 1 5 ml) and 4N hydrochloric acid-dioxane(25 ml) is added at 0". The reaction mixture . 
stirred at 0« for 1.5 hours, then at rt for 1 hour. The mixture is concentrated and diethyl ether is 
added The resulting white precipitate is washed with diethyl ether and dried to give the product . 
83 % yield. The crude product is used for the next coupling without further purification . 
Rf=0 66(n-PrOH/H 2 0/ethyl acetate/NH 3 =5/l/2/l) 
c ^^^^ 
butyllramkte 




N-CNaphtate-l-carboayD-leucine (279 mg. 0.98 mmol), l-cyano-l-rnerhyl-orhylamme 
hydrochloride ,137 mg, 1.14 - U •*> - HOB, ,297 mg. 2.20 mmol, 2.2 e,., am dissolved in 
dime t hy u o™mid=(5 ml) and WSCD (0.2 mi, 1.09 mmol, 1.1 en.) is addod a. -10" After srirnng 
for , 5 hours a, -10° , 5 % sodium bicarbonare solution is added and .he mixture is exiracfed wuh 
emyl acerare. The organie layer is washed with brine, dried over sodium sulfate and evaporared 
Chromaiography on sihea ge, (n-hcaane/erhyl 10/1, 5/1, 3/1 and ,/, ) gives ,he 
product in 87 % yield (mixture of enanriomers). 
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Rf=0.54(n-hexane/ethyl acetate=l/l) 

37 ^ubajeae 2^arbox ylic a cidn-n-cvano-4-phenvl-propvlcarhamoyl)-3-meth yk 
]-amide 

Bn ^o.Ami™-4-phe" vi-h»itvric acid amide Boc-Hph-CONH2 



Example 

hnt yiyamide 



A. 



I 0 

H 




O 

28 % aqueous ammonia(34 mmol) is added to the mixed anhydride (prepared from 16,8 mmol of 
Boc-homophenylalanine and 17.0 mmol of isobutylchloroformate as usual) at -10 . The reaction 
mixture is stirred at rt for 4.5 hours. The mixture is concentrated, washed with saturated sodium 
bicarbonate IN hydrochloric acid and brine, dried over sodium sulfate and evaporated to give the 
product in quantitative yield. The crude product is used for the next reaction without further 
purification. 

Rf=0.60(chloroform/mathanol=10/l) 
Thereafter the title compound 




is prepared analogously as in steps A, B and C of Example 36 
Rf=0.81(n-hexane/ethylacetate=l/l) 

Example38 Nggk^h^ie^^ 
cyclohexv l]-amide 

A LuMiI , r - Tir 2 garbox yjic ^iHrfl-methoxvcarhonvD-cyclohexvll-amide 
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1-Amino-cyclohexanecarboxylic acid methyl ester hydrochloride (1 g, 5.2 mmol) and triethylamine 
(1.44 ml, 10.3 mmol, 2 eq.) are dissolved in dichloromethane (15 ml) and 2-naphthoyl chloride (lg, 
5.2 mmol, 1 eq.) is added at 0°. The reaction mixture is stirred at 0° - 25° for 2 hours and IN 
hydrochloric acid is added. The mixture is extracted with ethyl acetate, the organic layer is washed 
with saturated sodium bicarbonate solution, dried over sodium sulfate and evaporated. 
Chromatography on silica gel (n-hexane/ethyl acetate=10/l, 5/1, 3/1 and 1/1) gives the product in 93 
% yield. 

Rf=0.30(n-hexane/ethyl acetate=3/l ) 

B. N-(2-Naphthovn- 1-amino-cvclohexane carboxvlic acid 




Starting from Naphthalene-2-carboxylic acid[(l-methoxycarbonyl)-cyclohexyl]-amide, the product is 
prepared analogously to N-(naphthalene-2-carbonyl)-isoleucine in quantitative yield. It is used for 
the next coupling without further purification. 
Rf=0.60(chloroform/methanol= 10/1) 

C. Naphthalene-2-carboxyIic acidf 1 -( 1 -cvano-4-phenvl-propvlcarbamovl V 

c yclohexvlVamide 




N-(2-Naphthoyl)-l-amino-cyclohexanecarboxylic acid (67 mg, 0.22 mmol), l-cyano-3-phenyl- 
propylamine hydrochloride (47 mg, 0.24 mmol, 1.1 eq.) and HOAt (65 mg, 0.48 mmol, 2.2eq.) are 
dissolved in dimethylformamide (2 ml) and WSCD (0.044 ml, 0.24 mmol, 1 . 1 eq.) is added at -10° 
.After stirring at 0° - 25° overnight, 5 % sodium bicarbonate solution is added and the mixture is 
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extracted with ethyl acetate. The organic layer is washed with brine, dried over sodium sulfate and 
evaporated. Chromatography on silica gel(chloroform/acetone=200/l and 100/1) gives the product 
in 63 % yield. 

Rfi=0.73(chloroform/acetone=9/l ) 

Example 39 1 .H.-Indole-S-carboxvlic acid f 1 -( cvanomethvl-carba movlVcvclohexvll-amide 

1-Amino-cyclohexancarboxylic acid cyanomethyl-amide (136mg, 0.50mmol), indol-5- 
carboxylic acid (80mg, O.SOmmol, 1.0 eq.) and HOBt (74mg, 0.55mmol, l.leq.) are dissoved in 
dimethylformamide (5ml) and WSCD (0.10ml, 0.55mmol, l.leq.) is added. After stirring for 20 hour 
at rt, 4% sodium bicarbonate solution is added and the mixture is extraced with ethyl acetate. The 
organic layer is washed with sodium bicarbonate, dried over magnesium sulfate and evaporated. 
Chromatography on silica gel (hexanes/ethyl acetate 2/1, then ethyl acetate) gives the product in 
20% yield. 

Rf = 0.31 (hexanes/ethyl acetate = 3/1) 

Example 40 Synthesis of N -f 1 -(cvano methvl^arbamovlVcvclohexvl 1-4-imidazol- 1 -vlmethyl- 
benzamide 

A. Boc-l-aminocvclohexane carboxylic acid 

The title compound is prepared from 1-cyclohexane carboxylic acid (140mmol), Boc 2 0 (154mmol) 
and Na 2 C0 3 (140mmol) in 200 ml dioxane and 100 ml water by conventional methods. Mp. 157- 
161°C; Rf=0.23 (CH 2 Cl 2 /MeOH=95:5) 

B. Boc-l-amino-cvclohexanecarboxylic acid n-(cvanomethvl-carbamoyD -amide 
Boc-l-aminocyclohexane carboxylic acid (40mmol), HOBt (40mmol) and WSCD (42mmol) are 
dissolved in dimethylformamide (75ml) and stirred for 15 min. at RT. 2-aminoacetonitrile 
hydrochloride (40mmol) and triethylamine (40mmol) are suspended in DMF (25ml) and added to the 
reaction mixture which is stirred at 25°C over night. After evaporation of the solvent, the residue is 
extracted with ethyl acetate. The extract is washed with water, 10% citric acid, brine, sodium 
bicarbonate, brine and dried over magnesium sulfate and evaporated. The residue is suspended in 
diethylether and the solid filtered of and dried (vacuum). 7.35g of a white powder with mp.160- 
162°C, Rf=0.28 (n-hexane:ethyl acetate=l:l) is obtained. 

C. 1-Amino-cvclohexanecarboxylic acid ( l-(cvanomethvl-carbamovri -amide 

h ydrochloride 
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HC1 in Diethylether (3-4N, 50ml) is added to the solution Boc-l-amino-cyclohexane-carboxylic acid 
(l-(cyanomethyl-carbamoyl)-amide (33mmol) in THF (50ml) at RT and stirred overnight. The 
reaction mixture is cooled with an ice bath to 0-4°C and the solid filtered off and washed with 
diethylether. The white crystals are dried (vacuum). Mp. 205-209°C; Rf^0.45 
(CH 2 Cl 2 /MeOH=9:l). 

D. N41-(cvanomethvl-carbamovlVcvclohexvl V4-bromomethvl-benzamide 
4-Bromomethyl-benzoic acid (2.3mmol) is suspended in CH2CI2 (7ml) and cooled to 0-5°C. 

Chlorenamine (2.3mmol) is added and the mixture is stirred for 45 min. at 0-5°C. 

1-Amino-cyclohexanecarboxylic acid (l-(cyanomethyl-carbamoyl) -amide hydrochloride (2.3mmol) 

and N-ethyldiisopropyl-amine (4.6mmol) in CH2CI2 (7ml) is added at low temperature. The mixture 

is stirred for 2 hours at 0-5°C and at RT over night. The reaction mixture is diluted with CH 2 Cl2 

(40ml), washed with water and dried over magnesium sulfate and evaporated. The residue was 

suspended in diethylether and the solid filtered of. The crude product is purified by chromatography 

on silica using CH2Cl 2 /MeOH=97:3. The fractions containing the pure product were collected and 

evaporated. The residue was suspended in diethylether and the solid filtered of. A white powder with 

mp.l94-196°C, RfeO.38 (CH2Cl2/MeOH=95:5) is obtained. i 

E. N-f 1 -( cvanomethyl"Carbamoyl)-cyclohexvl1-4-imida2ol- 1 -vlmethvl-benzamide 
N-[l-(cyanomethyl-carbamoyl)-cyclohexyl]-4-bromomethyl-benzamide (0.34mmol) is dissolved in 
THF (2ml) and sodium-imidazol (0.41mmol) is added and the reaction mixture stirred at RT over 
night. After evaporation of the solvent, the residue is extracted with ethyl acetate. The extract is 
washed with water, dried over magnesium sulfate and evaporated. The residue was suspended in 
diethylether and the solid filtered of. The crude product is purified by chromatography on silica using 
CH 2 Cl2/MeOH=9: 1. The fractions containing the pure product were collected and evaporated. The 
residue was suspended in diethylether and the solid filtered of. A white powder with mp. 194-1 96°C, 
Rfc=0.28 (CH 2 Cl 2 /MeOH=9:l) is obtained. 

By repeating the procedure described above in Examples 40, using appropriate starting 
materials and reaction conditions the following compounds of formula XII are obtained as identified 
below in Table 2. 

Table 2 
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° O " 



Example 
No. 


Rx 


Rz 


mp. (°C) 


Rf (solvent) 
MS(M+1) 


41 




C 


0 




1 

CH 
S \ 
CHa CHj 




0.26 (hexanes/EtOAc = 3/1) 


42 




c 


0 


r 






0.50 (hexanes/EtOAc = l/l) 


43 


c "' 0 - cn ' J* Us 


H 


126-128 


0.19(CH 2 Cl 2 /MeOH=9:1) 


44 


CH, 


H 


162-165 


0.27 (CH 2 Cl 2 /MeOH=9:l) 


45 


/ N V w 


H 


147-149 


0.24(CH 2 a 2 /MeOH=9:l) 


46 




c 


c 


r 


CH, ^CH, 




0.26 (hexanes/EtOAc = 3/1) 


47 


y 






0.50 (hexanes/EtOAc = 1/1) 


48 






5: 

N 




H 




0.31 (hexanes/EtOAc = 3/1) 


49 


( 




0 


> 

-CH 
CH, ^CH, 




0.31(«-nexane/EtOAc = 2/1) 
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50 


XX 


II 






51 




U 




0.42 (n-hexane/EtOAc =2/1) 


52 


1 

CH, 




a 




0.42 (n-hexane/EtOAc =2/1) 


53 


XX 


H 




0.69 (EtOAc) 


54 






a 




0.69 (EtOAc) 


55 






ru 

CH 3 ^CH 3 




0.58 (n-hexane/EtOAc = 
1/1) 


56 




H 




0.47 (EtOAc) 


57 




k 


H 




0.72 (EtOAc) 


58 


CH, 


k 


II 




0.73 (EtOAc) 
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59 




If 




0.66(EtOAc) 


60 




u 




0.66 (EtOAc) 


61 




fi 




0.67 (EtOAc) 


62 








0.24 (toluene/acetone 7/3) 
436 


63 






I 1199-201 


446 


64 - 


\ 

CH 3 




184-185 


459 


65 




u 




0.14(CH 2 Cl 2 /MeOH 10/0.2) 
445 


66 


u 






0.54 (petroleum 
ether/EtOAC 1/1) 


67 


o-o 




154-155 


522 



Example 68 S ynthesis of N-( 14fCvano-dimethyl>methvlVcarbamovn-3>methvl-butyn-4> 
imidazol- 1 - vlmeth vl-benzamide 
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A. { 14(Cvano-d imethvl-methv}Vcarbamo vlV3-methvKbutvn-carbamic acid .tert- 
butyl ester 

Boc-Leu-OH (62mmol), HOBt (62mmol) and WSCD (62mmol) are dissolved in dimethylformamide 
(150ml) and stirred for 15 min. at RT. 2-Amino-2-methyl-propionamide hydrochloride (62mmoI) and 
triethylamine (62mmol) are suspended in DMF (25ml) and added to the reaction mixture which is 
stirred at 25°C over night. After evaporation of the solvent, the residue is extracted with ethyl 
acetate. The extract is washed with water, 10% citric acid, brine, sodium bicarbonate, brine and 
dried over magnesium sulfate and evaporated. The residue is suspended in diethylether and the solid 
filtered of and dried (vacuum). 14.78g of a white powder with mp.l82-184°C, Rf=0.39 
(CH2Cl2/MeOH=9:l) is obtained. 

B. { l-r(Cvano-dimethyl-methyl)-carbamoyn-3-methvl-butvn-carbamic acid .tert.- 
butyl ester 

{ l-[(Cyano-dimethyl-methyl)-carbamoyl]-3-methyl-butyl}-carbamic acid .tert. -butyl ester (47mmol) 
is dissolved in THF (150ml) and cooled to -10°C Trifluoroacetic acid anhydride (56mmol) and 
triethylamine (94mmol) are added at -10°C and the stirred mixture is slowly warmed up to 0°C over 
2 hours. After evaporation of the solvent, the residue is extracted with ethyl acetate. The extract is 
washed with water and dried over magnesium sulfate and evaporated. The residue is suspended in 
diethylether/ pentane and the solid filtered of and dried (vacuum). 9.93g of a white powder with 
mp.l66-168°C, Rf=0.55 (n-hexane:ethyl acetate=l:l) is obtained. 

C. 2-Amino-4-methvl-pentanoic acid (cvano-dimethvl-me thvlVamide 

{ l-[(Cyano-dimethyl-methyl)-carbamoyl]-3-methyl-butyl}-carbamic acid .tert.-butyl ester (19mmol) 
is dissolved in ethyl acetate containing HC1 (3-4N, water free) and the mixture is stirred at RT 
overnight. After evaporation of the solvent, the crude product is purified by chromatography on 
silica using CH2Cl2/MeOH=9: 1 . The fractions containing the pure product were collected and 
evaporated. 2.3g of a yellowish oil, Rf=0.36 (CH2Cl2/MeOH=9:l) is obtained. 

D. N-{ ur(Cvano-dimethvl-methvlVcarbamovll'3-methvl-butvl)-»4-bromomethyl- 
benzamide 

4-Bromomethylbenzoic acid (4.1mmol), HOBt (4.1mmol) and WSCD.HCI (4.1mmol) are dissolved 
in dimethylformamide (7ml) and stirred for 10 min. 2-Amino-4-methyl-pentanoic acid (cyano- 
dimethyl-methyO-amide (4.1mmol) is added in DMF (3ml) and the reaction mixture is stirred at RT 
overnight. After evaporation of the solvent, the residue is extracted with ethyl acetate. The extract is 
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washed with water, 10% citric acid, brine, sodium bicarbonate, brine and dried over magnesium 
sulfate and evaporated. The crude product is suspended in diethylether and the solid filtered of and 
dried (vacuum). A white powder with mp.l85-187°C, Rf=0.43 (n-hexane:ethyl acetate=l:l) is 
obtained. 

E. N-fl-lY Cvano-dimethyl-methvlVcarbamoylV3>methvl>butyl } -4-imidazol- 1 - 

vlmethvl-benzamide 

N-{ 1 -[(Cyano-dimethyl-methyl)-carbamoyl]-3-methyl-butyl }-4-bromomethyl-benzamide (0. 1 8mmol) 
is dissolved in THF (1ml) and sodium-imidazol (0.41mmol) is added and the reaction mixture stirred 
at RT over night. After evaporation of the solvent, the residue is extracted with ethyl acetate. The 
extract is washed with water, dried over magnesium sulfate and evaporated. An oil with Rf=0.44 
(CH 2 Cl 2 /MeOH =9:1) is obtained. 

By repeating the procedure described above in Examples 68, using appropriate starting 
materials and conditions the following compounds of formula XIII are obtained as identified below in 
Table 3. 



Table 3 




Example 
No. 


Rx 


yield 
(%) 
(step B) 


mp. (°C) 


Rf (solvent) 


69 


^"-^ i H> Us 


58 


135-137 


0.29 (CH 2 Cl 2 /MeOH=9: 1 ) 


70 


CH, 

fj XX 

CH 3 


51 


160-162 


a 1 6 (CH 2 Cl 2 /MeOH=9: 1 ) 


71 


CH a 

o'Xk 


44 


186-188 


0.23 (CH 2 Cl 2 /MeOH=9:l) 
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Example 72 



A. 



N-[l-( Cyanomethvl-carbamoylV3-methvl-butvlV4-(2>pvrrolidin- 1 -yl- 

ethylsulfanvD-benzamide 

4-(2-ChloroethvlsulfanylVbenzoic acid 



4-Mercaptobenzoic acid (65mmol) and l-Bromo-2-chloro-ethane (71mmol) are dissolved in acetone 
(120ml) and powdered potassium carbonate (71mmol) is added. The mixture is warmed up to 40°C 
and stirred for 7 hours. After evaporation of the solvent, the residue is extracted with ethyl acetate. 
The extract is washed with water and dried over sodium sulfate and evaporated. The crude product 
is suspended in diethylether and the solid filtered of and dried (vacuum). 7.8g of a white powder with 
mp.l42-144°C, Rf=0.37 (methylenchlorid/methanol=9/l) is obtained. 

B. 4-f2>Chloroethvlsulfanvn-benzovl -Leu-GlvfCN) 

4-(2-Chloroethylsulfanyl)-benzoic acid (18.5mmol), HOBt (18.5mmol) and WSCD.HCI (19.4mmol) 
are dissolved in dimethylformamide (50ml) and stirred for 15 min. H-Leu-Gly((CN) (18.5mmol) is 
added and the reaction mixture is stirred at RT overnight. After evaporation of the solvent, the 
residue is extracted with ethyl acetate. The extract is washed with water, 10% citric acid, brine, 
sodium bicarbonate, brine and dried over magnesium sulfate. After evaporation of the solvent, the 
crude product is purified by chromatography on silica using CH2Cl2/MeOH=95:5. The fractions 
containing the pure product were collected and evaporated. The product is suspended in diethylether 
and the solid filtered of and dried (vacuum). 3.15g of a yellowish powder with mp.108-1 10°C, 
Rf=0.33 (n-hexane:ethyl acetate=l:l) is obtained. 

C. N-f l-(Cvanomethyl-carbamoyl)-3-methyl-butylV4-r2-pyrrolidin- \ -yl- 



4-(2-Chloroethylsulfanyl)-benzoyl -Leu-Gly(CN) (1.36mmol) is dissolved DMF (2ml) and 
pyrrolidine (3mmol) is added. The reaction mixture is stirred for 8 hours at RT, then a catalytic 
amount of potassium iodide is added and again stirred at 50°C overnight. After evaporation of the 
solvent, the residue is extracted with ethyl acetate. The extract is washed with water and dried over 
magnesium sulfate and evaporated. The crude material is applied to a column of silica gel. Elution 
with CH 2 Cl2/MeOH=93:7 gives the product in 24% yield (Rf=0.12 (CH 2 Cl 2 /MeOH=95:5). 



ethylsulfanylVbenzamide 



Example 73 Synthesis of N-f l-(Cvanomethyl-carbamovn-3~methvl-butvn-4-f2-pyrrolidin- 1 - vl 

ethylsulfonvlVbenzamide 
A. 4-(2-Chloroethvlsulfonvn-benzoic acid 
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4-(2-Chloroethylsuifanyl)-benzoic acid (18.4mmol) is suspended in methylene chloride (60ml) and 
cooled to -10°C m-Chloroperbenzoic acid (38.6mmol) are added dropwise in methylene chloride 
(60ml) and the mixture is stirred for e hours at -10°C The mixture is diluted methylene chloride 
(100ml) and a 5% solution of sodium thiosulfate in water is added and the mixture vigorously stirred. 
The mixture is extracted, washed with water and and dried over sodium sulfate and evaporated. The 
crude product is recrystallized from ethylacetate and the solid filtered of and dried (vacuum). 2. 19g 
of a pale powder with mp.l42-144°C, Rf=0.37 (CH 2 Cl2/MeOH=9:l) is obtained. 

B. 4-(2-CMoroethvlsutfonvlVbenzovl -Leu-GlyfCNl 

4-(2-Chloroethylsulfonyl)-benzoic acid (8.8mmol), HOBt (8.8mmol) and WSCD.HCI (8.8mmol) are 
dissolved in dimethylformamide (25ml) and stirred for 15 min. H-Leu-Gly((CN) (18.5mmol) is added 
and the reaction mixture is stirred at RT overnight. After evaporation of the solvent, the residue is 
extracted with ethyl acetate. The extract is washed with water, 10% citric acid, brine, sodium 
bicarbonate, brine and dried over magnesium sulfate. After evaporation of the solvent, the crude 
product is purified by chromatography on silica using CH2Cl2/MeOH=95:5. The fractions 
containing the pure product were collected and evaporated. The product is suspended in diethylether 
and the solid filtered of and dried (vacuum). 0.3g of a white powder, Rfc=0.25 
(CH2Cl2/MeOH=95:5) is obtained. 

C. N-H-( Cvanomethvl-carbamovn-3-methvl-butvn-4-f 2-pvrrolidin- 1 -yl- 
ethylsulfonyD-benzamide 

4-(2-Chloroethylsulfonyl)-benzoyl-Leu-Gly(CN) (0.4mmol) is in pyrrolidine (1ml. The reaction 
mixture is stirred for 1.5 hours at RT. After evaporation of the solvent, the residue is extracted with 
ethyl acetate. The extract is washed with water and dried over magnesium sulfate and evaporated. 
The crude material is applied to a column of silica gel. Elution with CH2Cl2/MeOH=95:5 gives the 
product in 43% yield (Rf=0.30 (CH 2 Cl 2 /MeOH=95:5). 

Example 74 Synthesis of N-f 1 -( 1 -Cyano-3-methvl-butvlcarbamoyl)-3>methvl-butyn-4-imidazol- 

1 -ylmethvl-benzamide 
A. Boc-Leu-Leu-NH2 

Boc-Leu-Leu-OH (Bachem, 43.6mmol) is dissolved in THF (250ml) and N-methylmorpholine 
(43.6mmol) is added. The mixture is cooled to -20°C and isobutyl chloroformate (43.6mmol) is 
added dropwise. The mixture is stirred for 10 min. and then a 25% aqueous solution of ammonia 



WO 99/24460 



50 



PCT/EP98/06937 



(52.3mmol) is added at -20°C The mixture is stirred for 3 hours at -20°C to -10°C After 
evaporation of the solvent, the residue is extracted with ethyl acetate. The extract is washed with 
water and dried over magnesium sulfate and evaporated. The crude product is suspended in 
diethylether and the solid filtered of and dried (vacuum). 14.2g of a white powder with mp. 155- 
156°C, Rf=0.5 (CH2Cl2/MeOH=9:l) is obtained. 
B. Bpc-Leu-Leu(CN) 

Boc-Leu-Leu-NH2 (41mmol) is suspended in THF (200ml) and triethylamine (83mmol) and 
trifluoroacetic acid anhydride (41mmol) is added at -5°C. The mixture is stirred for 2 hours at -5°C. 
After evaporation of the solvent, the residue is extracted with ethyl acetate. The extract is washed 
with water and dried over magnesium sulfate and evaporated. A yellowish oil with Rf=0.59 
(n-hexane:ethyl acetate=2:l) is obtained and deprotected without further purification (step C). 

C. H-Leu-Leu(CN) 

Boc-Leu-Leu(CN) (41mmol) is dissolved in THF (50ml) and HC1 in diethylether (50ml, 3-4N, 
water-free) is added at RT and the mixture stirred overnight. After evaporation of the solvent the 
residue is dissolved in methanol and ammonia in methanol (40ml, 3-4N, water-free) is added and the 
solid material filtered of. The filtrate is evaporated and the crude product is purified by 
chromatography on silica using CH2Cl2/MeOH=95:5. The fractions containing the pure product 
were collected and evaporated. 5.07g of a yellowish oil with Rf=0.43 (CH2Cl2/MeOH=9: 1) is 
obtained. 

D. 4-Bromomethvlbenzovl-Leu-Leuf CN^ 

4-Bromomethylbenzoic acid (6.67mmol), HOBt (6.67mmol) and WSCD.HCI (7.0mmol) are 
dissolved in dimethylformamide (15ml) and stirred for 15 min. H-Leu-Leu(CN) (6.67mmol) is added 
and the reaction mixture is stirred for 2.5 hours at RT. After evaporation of the solvent, the residue 
is extracted with ethyl acetate. The extract is washed with water, 10% citric acid, brine, sodium 
bicarbonate, brine and dried over magnesium sulfate. After evaporation of the solvent, the crude 
product is purified by chromatography on silica using CH2Cl2/MeOH=97:3. The fractions 

containing the pure product were collected and evaporated. 1.74g of a yellowish oil with Rf=0.59 
(CH2Cl2/MeOH=95:5) is obtained. 

E. N-r 1 -( 1 -Cvano-3-methvl-butvlcarbamovl)-3-methvl-butvl1-4-imidazol- 1 -vlmethyl- 
benzamide 

4-Bromomethylbenzoyl-Leu-Leu(CN) (1.23mmol) is dissolved in THF (5ml) and sodium-imidazol 
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(1 .48mmol) is added and the reaction mixture stirred at RT over night. After evaporation of the 
solvent, the residue is extracted with ethyl acetate. The extract is washed with water, dried over 
magnesium sulfate and evaporated. The crude product is purified by chromatography on silica using 
CH2Cl2/MeOH=95:5. The fractions containing the pure product were collected and evaporated. The 
product is suspended in diethylether and the solid filtered of and dried (vacuum). A white powder 
with mp.l00-103°C, Rf=0.36 (CH 2 Cl2/MeOH=9:l) is obtained. 

By repeating the procedure described above in Example 74, using appropriate starting 
materials and conditions the following compounds of formula XIV are obtained as identified below 
in Table 4. 

Table 4 

CH, 



i 

CH 



Rx 



II 
O 



s ?"* 

. C x _CH 
CH I}1 C=N 
H 

Cl i..-CH, 



CH, 



XIV 



Example 
No. 


Rx 


yield 

(%) 
(step B) 


mp. (°C) 


Rf (solvent) 


75 


/vv, 


45 




0.17 (CH 2 Cl 2 /MeOH=95:5) 


76 


CH 2 

CH a x HC1 


51 




0.23 (CH 2 Cl 2 /MeOH=9:l) 


77 


o'Xx 


64 




0.31 (CH 2 Cl 2 /MeOH=9:l) 



Example 78 r l"(2-Ben2yloxv-l-cvano-ethylcarbamoyn-3-methvl-butyl1-carbamic acid benzyl 
ester 

A. 3-Benzyloxy-2-f2-benzvloxvcarbonylamino-4-methyl-pentanoylaminoVprop ionic 
acid 
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To a suspension of 0.975 g H-Ser(OBzl)-OH in 5 ml of methylene chloride is added 1.52 ml of 
trimethylchlorosilane. After ten minutes at room temperature 0.98 ml of N,N-diisopropylethyl amine 
and 1.8 lg of benzyloxy leucine N-hydroxysuccinimidester is added. The reaction mixture is stirred 
for 2 hours at room temperature and diluted with ethyl acetate. Ethyl acetate is washed once with 
saturated NHLjCl-solution and once with H 2 0, then dried over sodium sulfate, the solvent is removed 
and the residue is crystallized from diethylether. 

'H-NMR (CDC1 3 , ppm): 7.30 (m, 10H), 6.83 (d,lH), 5.32 (d,lH), 5.10 (s, 2H), 4.71 (m,lH), 4.50 
(s,2H), 4.28 (m, 1H), 3.92 (m,lH), 3.67 (m,lH), 1.46 -1.79 (m, 3H), 0.92 (d, 6H). 

B. \ 1 -( 2-Benzyloxv- 1 -carbamoyl-ethylcarbamovn-3-methyl-butylVcarbamic acid 
benzyl ester 

To a solution of 0.980 g of 3-benzyloxy-2-(2-benzyloxycarbonylamino-4-methyl-pentanoylamino)- 
propionic acid and 0.25 ml of N-methylmorpholine in 12 ml of tetrahydrofiiran 0.3 ml of 
isobutylchloroformate is added dropwise at -15°G The reaction mixture is stirred at -15°C for 10 
minutes, then 4 ml of aqueous NH 3 (25%) is added dropwise over a time period of 5 minutes. The 
reaction mixture is stirred for additional 15 minutes and diluted with ethyl acetate. Ethyl acetate is 
washed once with saturated NtUCl-solution and once with H 2 0, then dried sodium sulfate, the 
solvent is removed und the residue is triturated with diethylether. 

'H-NMR (CDCI3, ppm): 7.38 (m, 10H), 6.87 (d, 1H), 6.60 (m (br.), 1H), 5.41 (m (br.), 1H), 5.12 
(d, 1H), 5.08 (s, 2H), 4.50 (d, 2H), 4.20 - 3.92 (m, 2H), 3.50 (m, 1H), 1.70 - 1.41 (m, 3H), 0.90 (d, 
6H). 

C. f l-(2-Benzyloxy- l-cyano-ethylcarbamoyl)-3-methvl-butvll-carbamic acid benzyl 
ester 

0.3 ml of trifluoroacetic acid anhydride is added dropwise to a solution of 0.9 g of [l-(2-benzyloxy- 
l-carbamoyl-ethylcarbamoyl)-3-methyl-butyl]-carbamic acid benzyl ester and 0.6 ml of triethylamine 
in 15 ml of tetrahydrofiiran at -5°C The reaction mixture is stirred at -5°C for 3 hours and then for 
12 hours at room temperature. The reaction mixture is then poured into H 2 0 and the aqueous layer 
is extracted three times with ethyl acetate. The combined organic layers are washed once with H 2 0 
and once with brine, then dried over sodium sulfate, the solvent is removed and the residue is 
crystallized from diethylether/ hexane. Mp.: 126 -127°C. 

The following compounds formula XV, as identified in Table 5 below, are prepared 
analogously to the compound of Example 78. 
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Table 5 




Example 


Rz 


mp. (°C) 


No. 




MS (M+l) 


79 


ru « IN 
I! ru 

II CH 2 
O 


100-101° 


80 


v XO 


157-158° 


81 


o 


157-158° 


82 


/CH 2 


159-161° 








83 




106-107° 


84 


CH 2 


126-127° 
424 


85 


. xr^ 

CH, 


144-146 
438 
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Example 86 2-f2-f4-Chloro-phenylamino^acetvlamino1-4-methvl-pentanoic acid cvanomethyl- 
amide 

(4-Chloro-phenylamino)-acetic acid (0.5 g) and H-Leu-Gly((CN).HCl (0.55 g) are dissolved in 
dimethylformamide (4 ml). HOBt (0.44 g), WSCD.HC1 (0.54 g), triethylamine (0.37 ml) is added 
and the reaction mixture is stirred for 18 hours. After evaporation of the solvent, the residue is 
extracted with ethyl acetate. The extract is washed with 10% citric acid, brine, sodium bicarbonate, 
brine and dried over magnesium sulfate and evaporated. The crude product is slurried in diethylether 
and the solid filtered of and dried (vacuum) yielding a white powder with mp.l31-134°C. 

By repeating the procedure described above in Example 86, using appropriate starting 
materilas and conditions the following compounds of formula XVI are obtained as identified below 
in Table 6. 

Table 6 

"• i «s c - n 

AVI CH 
I 

CH, 



Example No. 


R* 


mp. (°C) 


Rf (solvent) 


87 


H 


foam 


0.32 

(CH2C12/MeOH= 
95:5) 


88 


H 


110-115 




89 




foam 


0.30 

(CH2C12/MeOH= 
95:5) 


90 


CH 3 


130-133 
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Example No. 


R* 


mp. (°C) 


Rf (solvent) 


! qi 

7 1 




amornh 


0 49 

(CH2C12/MeOH= 
95:5) 


92 


OX 

H 


131-133 




93 


XL 


108-110 




94 




Resin 


0.43 

(CH2C12/MeOH= 
95:5) 


95 




77-79 




96 




Oil 




97 




Resin 


0.53 

(CH2C12/MeOH= 
95:5) 


98 




foam 


0.47 

(CH2C12/MeOH= 
95:5) 


99 




143-146 
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Example No. 


R* 


mp. (°Q 


Rf (solvent) 


100 




119-121 




101 




Resin 


0.26 

(CH2C12/MeOH= 
95:5) 


102 


ax 


146-149 
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0.52(n-hexane/EtOAc =1/1) 
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s 

X 
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1 
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0-17 (n-hexane/EtOAc =1/1) 


0.27 (n-hexane/EtOAc = 1/1) 


0.45 (EtOAc) 


0.58 (EtOAc) 


0.28 (n-hexane/EtOAc =1/1) 


0.46 (n-hexane/EtOAc =1/1) 
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CO 
X 

■? 

c 
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0.79 (EtOAc) 


0.74 (EtOAc) 


0.52 (n-hexane/EtOAc = 1/1) 


0.60 (n-hexane/EtOAc = 1/1) 


0.60 (EtOAc) 


0.54 (n-hexane/EtOAc = 1/1) 
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0.26 (n-hexane/EtOAc =1/1) 


0.41 (n-hexane/EtOAc = 1/1) 


0.43 (n-hexane/EtOAc =1/1) 
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Compounds of Examples 1 to 153 are typically selective inhibitors of cathepsin K and 
generally have IC50S for inhibition of human cathepsin K of from about 100 to about 1 nM or less, 
e.g. about 0.5nM. 

Representative compounds e.g. as described in the the above Examples typically have IC 50 s 
for inhibition of Cathepsin K in the range from less than 1 up to about 100 nm, and IC 50 s for 
inhibition of Cathepsin K which are at least 10 to about 1000 times less than their IC 50 s for inhibition 
of Cathepsin L and Cathepsin S, e.g. when tested in the assays described above. 

The cathepsin K selective compounds of the invention are particularly indicated for 
preventing or treating osteoporosis of various genesis (e.g. juvenile, menopausal, post-menopausal, 
post-traumatic, caused by old age or by cortico-steroid therapy or inactivity). 

By repeating the procedures described in the above Examples using appropriate starting 
materials and reaction conditions the following compounds of formula XVII are obtained as 
identified below in Tables 8, 9 and 10 



Table 8 



Rx 



H 

N 



O 



Q \ / \/ 



Rz 

T 

C CH 



XVII 



II 

O 



Ry 



C = N 



Example 


Rx 


Ry 


Rz 


mp.(°C) 


MS (M+1) 
Rf 

(solvent) 


154 




cP 


H 


169-170 


574 (M-1) 


155 


or- 


CH l -CH 3 
CH 3 

CH, 


H 




0.80(n- 
hexane/Et 
OAC=1/1) 
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Example 






R, 


mp.(°C) 


MS(M+1) 

Rf 
(solvent) 


156 




CH * .CH 3 
CH 3 

CH 3 


H 




0.63(n- 
hexane/Et 
OAC=1/2) 


157 


CH 2 


CH * .CH 3 
CH 3 
I 


H 




0.53(n- 
hexane/Et 
OAC=1/1) 


158 




° H i XH 3 
CH 3 
1 

CH 3 


H 




0.38(n- 
hexane/Et 
OAC=1/1) 


159 


CH 2 




H 




422.2 


160 


XJ 


H 

chTw 


H 




365.1 


161 






H 




353 


162 




So 


H 




315.1 


163 




CH 2 

O 


H 




314.9 


164 


Ok 


CH 2 

O 


H 




304.1 


165 




CH, ? 
CH 3 CH 3 


H 




259.1 
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Example 




Ry 




mp.(°C) 


MS (M+1) 
Rf 

(solvent) 
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Q- 


CH, = 
CH 3 CH 3 


n 




288.1 
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CI 
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CH, CH 3 


Li 
n 
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— o 

Q 


CH 3 f 
CH, CH. 


H 




318.1 


169 


NH CH 


CH, 

CH, 


H 




378.5 
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P 

CH, 


H 




313.9 
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& 


P 

CH 2 
\ 2 


H 




327.9 
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P 

CH 2 
\ 2 


H 




349.9 
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CI 


P 

CH, 
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383.7 
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CH 2 
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349.8 
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CH 2 
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343.9 
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Example 


Rx 


Ry 


Rz 


mp.(°C) 


MS (M+1) 
Rf 

(solvent) 
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Ok x 


P 

CH- 
\ 2 


H 




327.9 
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CH 2 

cry 


P 

CH, 


H 




341.9 
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H 




315.2 


179 




p 

CH, 


H 




319.9 


180 




P 

CH 2 


H 




332 


181 




CH 2 

X) 


H 




348.1 
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ChL 

X) 


H 




381.3 


183 




CH 2 


H 




344.0 


184 


CI 

Ok 


X) 


H 




347.9 
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CH 3 

! v. 
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CH 2 


H 




344.0 
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Example 


Rx 


Ry 
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mp.(°C) 


MS (M+1) 

Rf 
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CH 2 

X) 


H 




320 
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CH 2 

X) 


H 




370 


188 


CH V^ 


CH 2 

X) 


H 




328 


189 




CH 2 


H 




313.8 
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o-/ CH3 


CH 2 

X) 


H 




332 
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CH 2 

X) 


H 




322.9 
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CH, 
1 


CH 2 

X) 


H 




381.8 
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F 
1 
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CH 2 

X) 


H 
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X) 
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Example 


Rx 


Ry 


Rz 


mp.(°C) 
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X) 


H 
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X) 


H 
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CH 3 
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X) 


H 
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H 
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Example 
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Ry 
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mp.(°C) 
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X) 


A 
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A 




374 


209 
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Example 




Ry 
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CH i -CH 3 
CH 3 
1 

CH S 
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CH » .CH 3 
CH 3 
1 

CH 3 


A 




307.9 



* " is cyclopropyl, i.e. Rz is ethylene and makes a cyclopropyl ring with the carbon atom to which 
it is attached. 

The compounds of Table 8 are typically selective inhibitors for cathepsin S, and normally 
have IC 50 s for cathepsin S inhibition in the range from abot 100 to about 10 nM. 
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The compounds of Table 9 are typically selective inhibitors for cathepsin L, having IC 50 s for 
cathepsin S inhibition which are preferably in the range from about 100 to about 1 nM. 



Table 10 



Example 


Rx 


R y 


Rz 


mp.(X) 


MS(M+1) 


297 


O-CH^ 

6 


X) 

CH 2 


H 


181-183 


398 


298 


V^CH 

6 


CH, 

CH 2 


H 


169-170 


912 


299 


CI 

6, 


CH 2, ^.CH, 
C 3 
l 

CH 3 


A 




333.9 


300 


6 


CH2 . C -CH 3 
CH 3 


H 




410.1 



WO 99/24460 



PCIYEP98/06937 



86 



Example 


R* 


Ry 


Ri 


mp.CC) 


MS (M+1) 


301 


ci 

A 


CH, CH, 
I 

CH 3 


H 




434.7 



The compounds of Table 10 are inhibitors of cathepsin L and cathepsin S, having ICsoS for 
inhibition of cathepsin L in the range from about 100 to about 50 nM and IC 50 s for inhibition of 
cathepsin S in the range from about 50 to about 10 nM. 



Example 302 Synthesis of N-f2-r(3-(methoxv-carbonvl)-phenvn-methoxv1-lfS)-cvanoethvl1-3- 
methvI-Na-(2.2-diphenvlacetvl )-L-phenvl-alaninamide 

A. O-ffS^methoxvcarbonylVphenvllmethyll-N-ft-butoxycarbonyn-L-serine 

To a solution of N-(t-butoxycarbonyl)-L-serine (16. 1 g, 78.46 mmol) in DMF (90 mL) at - 
15°C is added sodium hydride (6.9 g, 60% in mineral oil, 172.6 mmol) portionwise with vigorous 
stirring, over 0.5 hour. After all sodium hydride is added, the mixture is stirred for an additional 10 
minutes at 0°C, and then at room temperature for 30 minutes. The solution is cooled back to 0°C, 
and a solution of methyl 3-bromomethylbenzoate (19.77 g, 86.30 mmol) in DMF (90 mL) is added 
dropwise over 15 minutes. The mixture is then warmed to room temperature for 16 hours. DMF is 
then evaporated (high vacuum, <40°C), and the residue is diluted with cold water (200 mL) and 
acidified to pH 4-5 with 1 N HC1. The resulting mixture is extracted with EtOAc (4 x 150 mL). The 
combined extracts are washed with 0.1 N HC1 (2 x 300 mL) and brine (2 x 300 mL), dried over 
MgS04, and evaporated to give a yellowish syrup. Chromatography (silica, 5% MeOH/CH2Cl2) 
yields 0-[[3-(methoxycarbonyl)-phenyl]methyl]-N-(t-butoxycarbonyl)-L-serine as a yellowish oil. 

B. Q-fr3-(methoxycarbonynphenvl1methyn-N-(t-butoxycarbonyl)-L-serinamide 

A solution of 0-[[3-(methoxycarbonyl)phenyl]methyl]-N-(t-butoxycarbonyl)-L-serine (3.0 g, 
8.50 mmol) and N-methylmorpholine (2.8 mL, 2.58 g, 25.5 mmol) in CH2CI2 (50 mL) is cooled to - 
10°C, and isobutyl chloroformate (1.1 mL, 1.16 g, 8.5 mmol) is added dropwise over 10 minutes. 
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After stirring for 15 minutes, ammonia gas is bubbled into the solution at a moderately vigorous rate 
for 15 minutes. The solution is then warmed to room temperature over 30 minutes. CH2CI2 is 
evaporated, and the residue is dissolved in EtOAc (50 mL) . This solution is then extracted with 1 N 
HC1 (2 x 50 mL), saturated NaHC03 (50 mL), water (50 mL) and brine (50 mL), dried over 
MgS04, and evaporated. Chromatography (silica, 75% EtOAc/hexane) yields 0-[[3- 
(methoxycarbonyl)phenyl]methyl]-N-(t-butoxycarbonyl)-L-serinamide as a thick oil. 

C. 0-[r3-(methoxycarbonvnphenvl1methvl1-L-serinamide*HCl 

To a solution of 0-[[3-(methoxycarbonyl)phenyl]methyl]-N-(t-butoxycarbonyl)-L-serinamide 
(2.4 g, 6.82 mmol) in EtOAc (50 mL) at 0°C is bubbled HC1 gas at a moderately vigorous rate for 5 
minutes, during which time a lot of white precipitate is observed. The mixture is warmed to room 
temperature over 30 minutes, after which time EtOAc is removed, yielding 0-[[3- 
(methoxycarbonyl)phenyl]methyl]-L-serinamide-HCl as a white solid. 

D. 3-methvl-N-f2.2-diphenylacetvl)-L-phenylalanine 

To a solution of 3-methyl-L-phenylalanine ( 1 .8 g, 10.06 mmol) and Na 2 C0 3 (3.2 g, 30.18 
mmol) in water (150 mL) is added a solution of diphenylacetyl chloride (2.32 g, 10.06 mmol) in THF 
(150 mL), and the resulting solution is stirred vigorously at room temperature overnight. The THF 
is then evaporated and the aqueous layer is diluted with 6% aqueous Na 2 C0 3 (100 mL), and washed 
with Et 2 0 (3 x 150 mL). The aqueous layer is then acidified to pH 1 with cone. HC1, and the 
resulting slurry is extracted with EtOAc (3 x 100 mL). The organic phase is then washed with water 
(2 x 100 mL) and brine (1 x 100 mL), dried over MgS0 4 and evaporated to yield 3-methyl-N-(2,2- 
diphenylacetyl)-L-phenylalanine, as a white solid. 

E. N>[3-methvl-N-(2.2-diphenvlacetvl)-L'phenylalanyl1-0-[[3-(methoxycarbonynphenyl1 
methyl]-L-serinamide 

To a solution of 3-methyl-N-(2,2-diphenylacetyl)-L-phenylalanine (1.0 g, 2.68 mmol) and O- 
[[3-(methoxycarbonyl)phenyl]methyl]-L-serinamide HC1 (0.774 g, 2.68 mmol), 1- 
hydroxybenzotriazole hydrate (0.452 g, 2.95 mmol, and N-methylmorpholine ( 1 . 1 8 mL, 1.085 g, 
10.72 mmol) in CH 2 C1 2 (50 mL) is added l-(3-dimethylaminopropyl)-3-ethylcarbodiimide HC1 
(0.771 g, 4.02 mmol) in one portion and the mixture is stirred at room temperature for 16 hours. 
The solution is then washed with 1 N HC1 (100 mL), saturated aqueous NaHC0 3 (1 x 50 mL), water 
(1 x 50 mL) and brine (1 x 50 mL), dried over MgS0 4 , and evaporated. The residual solid is 
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triturated with hot methanol to yield N-[3-methyl-N~(2,2-diphenylacetyl)-L-phenylalanyl]-0-[[3- 
(methoxycarbonyl)phenyl]methyl]-L-serinamide as a white solid. 

F. N-f2-K3-(methoxv-carbonylVphew 
rii phenvlacetvl VL-phenvl-alaninamide 

Oxalyl chloride (0.057 mL, 0.084 g, 0.66 nunol) is added dropwise to DMF (10 mL), and 
the resulting solution is cooled to 0°C. After the solution becomes clear, pyridine (0.1 1 mL, 0.10 g, 
1.31 mmol) is added, followed by N-[3-methyl-N-(2,2-diphenylacetyl)-L-phenylalanyl]-0-[[3- 
(methoxy-carbonyl)-phenyl]methyl]-L-serinamide (0.20 g, 0.329 mmol), in one portion. The yellow 
reaction solution is stirred at 0°C for 1 .5 hours, after which time the it is diluted with EtOAc (50 
mL), and washed with saturated NaHC03 (1 x 50 mL), saturated LiCl (1 x 50 mL), dried over 
MgS04, and evaporated. The residue is chromatographed (silica, 80% EtOAc/hexane) to yield N- 
[2-[(3-(methoxy-carbonyl)-phenyl)-methoxy]- 1 (S)-cyanoethyl]-3-methyl-Na-(2,2-diphenylacetyl )- 
L-phenyl-alaninamide as a white solid having the following structure 



Example 303 Synthesis of N-[2-r(3-carboxvphenvl)methoxvl-l(S)-cvanoethvn-3-methvl-Na 



A solution of N-[2-[(3-(methoxycarbonyl)phenyl)methoxy]-l(S)-cyanoethyl]-3-methyl-Na- 
(2,2-diphenylacetyl)-L-phenylalaninamide (0.34 g, 0.58 mmol) in pinacolone (20 mL) is degassed 
with bubbling nitrogen for 10 minutes. Lithium iodide (0.78 g, 5.80 mmol) is then added, and the 
solution is refluxed in the dark for 24 hours, after which time it is cooled to room temperature, 
diluted with ethyl acetate (50 mL), and washed with 5% aq. sodium thiosulfate (2 x 50 mL), water (1 




O 




C0 2 Me 



(diphenvacetvD-L-phenvIalaninamide 
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x 50 mL) and brine (1 x 50 mL). The organic layer is then dried over MgS04, evaporated, and the 
residue is chromatographed (silica, 3% MeOH/CH2Cl2/ 0.05% acetic acid) to yield a clear glass, 
which is crystallized with an EtOAc/hexane (1:50) mixture to yield N-[2-[(3- 
carboxyphenyl)methoxy]- 1 (S)-cyanoethyl]-3-methyl-Na-(diphenyacetyl)-L-phenylalaninamide as a 
white solid, m.p. 160-162°C. 

Example 304 N-r2-r(3-fallvloxvcarbonvl)-phenvnmethoxvMfS)-cvanoethvn-3-methvl-Na-fN- 
morohoBnocarbonvlVL-phenvlalaninamide 

A. 3>methyl-N-ft-butoxvcarbonvn-L-phenylalanine 

To a suspension of 3-methyl-L-phenylalanine (2.7 g, 15 mmol) in 85 mL 10% triehyl- 
amine/methanol is added di-t-butyldicarbonate (6.5 g, 30 mmol), and the solution is refluxed for 2.5 
hours. After cooling, the methanol and triethylamine are evaporated and the residue is diluted with 
Et20 (250 mL) and extracted with saturated Na2C03 (2 x 75 mL). The combined aqueous layers 
are again washed with Et20 (250 mL), and then acidified with cone. HC1 to pH = 2-3. The resulting 
mixture is then extracted with EtOAc (3 x 75 mL) and washed with water and brine, dried over 
MgS04, and evaporated to yield 3-methyl-N-(t-butoxycarbonyl)-L-phenylalanine as a clear oil. 

B. allyl 3-(chloromethvr)-benzoate - 

A solution of 3-(chloromethyl)-benzoic acid (50.0 g, 0.293 mol), potassium carbonate (48.61 
g, 0.352 mol) and allyl bromide (50.7 mL, 0.586 mol) in acetone (500 mL) is refluxed for 2 hours, 
after which time the solution was cooled to room temp, and filtered through celite. The filtrate is 
evaporated and the residue chromatographed (silica, 5 % EtOAc/hexane) to yield allyl 3- 
(chloromethyl)-benzoate as a clear oil. 

C. allyl 3-(iodomethvlVbenzoate 

A solution of allyl 3-(chloromethyl)-benzoate (54.5 g, 0.259 mmol) and sodium iodide (46.56 
g, 0.31 1 mol) in acetone (500 mL) is stirred at room temp, for 6.5 hours, after which time the 
mixture is filtered . The filitrate is evaporated and the residue is dissolved in diethyl ether (500 mL), 
then washed with water (1 x 200 mL), 5% sodium sulfite solution (1 x 200 mL) and brine (1 x 200 
mL), dried over magnesium sulfate, and evaporated to yield allyl 3-(iodomethyl)-benzoate as a white 
solid, which was is directly. 

D. 0-fr3-(allvloxycarbonyn-phenvnmethyiyN-(t-butoxvcarbonvlVL-serine 
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Sodium hydride (19.4 g, 60% in mineral oil, 484.4 mmol) is washed with dry hexanes (2 x 30 
mL) to remove the mineral oil and then suspended in anhydrous DMF (330 mL). To this suspension 
a solution of N-butoxycarbonyl-L-serine (45.2 g, 220.2 mmol) in DMF (1 10 mL) at 0°C is added 
dropwise with vigorous stirring. The mixture is stirred for an additional 5 minutes at 0°C, and then 
at room temperature for 30 minutes. The solution is cooled back to 0°C, and a solution of ally] 3- 
iodomethylbenzoate (66.6 g, 220.2 mmol) in DMF (110 mL) is added dropwise over 15 minutes. 
The mixture is then warmed to room temperature for 30 minutes. The reaction mixture is poured 
into ice water (2.2 L) and acidified to pH 2 with 1 N HC1 (270 mL). The mixture is extracted with 
ether (1 x 600 mL, then 3 x 300 mL) and the combined ether extracts are then washed with water (5 
x 200 ml) and then dried (MgS0 4 ) and evaporated in vacuo to yield 0-[[3-(allyloxycarbonyl)- 
phenyl]methyl]-N-(t-butoxycarbonyl)-L-serine as a yellowish oil, which is used as is in the 
subsequent step. 

E. Q-rr3-faUvloxycarbonyl)phenyl1methyl1-N"(t"butoxycarbonyn-L-serinamide 

A solution of 0-[[3-(allyloxycarbonyl)phenyl]methyl]-N-(t-butoxycarbonyl)-L-serine (79.2 g, 
209 mmol) and N-methylmorpholine (68.9 mL, 63.4 g, 627 mmol) in CH^ (800 mL) is cooled to - 
10°C, and isobutyl chloroformate (32.5 mL, 34.2 g, 251 mmol) is added dropwise over 10 minutes. 
After stirring for 15 minutes, ammonia gas is bubbled into the solution at a moderately vigorous rate 
for 15 minutes, at -10°C . The solution is then warmed to room temperature and stirred for 30 
minutes. The reaction mixure is cooled to 0°C and 1 N HC1 (800 mL) is added. The organic phase 
is washed with 1 N HC1 (2 x 700 mL), then washed with saturated NaHC0 3 (700 mL), then dried 
(MgS0 4 ) and evaporated in vacuo to yield 0-[[3-(allyloxycarbonyl)phenyl]methyl]-N-(t- 
butoxycarbony!)-L-serinamide as a thick oil, which is used as is in the subsequent step. 

F. Q- ff3-fallyloxvcarbonynphenvll-methyll-L-serinamide-HCl 

To a solution of 0-[[3-(allyloxycarbonyl)phenyl]methyl]-N-(t-butoxycarbonyl)-L-serinamide 
(69 g, 182.5 mmol) in EtOAc (1000 mL) at 0°C is slowly bubbled HC1 gas for 1 hour, during which 
time a white precipitate is observed. The mixture is warmed to room temperature over 30 minutes, 
after which time EtOAc is removed by evaporation. The resulting residue is triturated with ether 
(500 mL) with vigorous stirring for 30 minutes. The precipitate is collected by vacuum filtration, 
washed with ether (2 x 100 mL) and then air dried to yield 0-[[3-(allyloxycarbonyl)phenyl]-methyl]- 
L-serinamideHCl as a free-flowing white solid. 
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G. N-p-methvl-N-ft-butoxycarbonvlVL-p^ 
L-serinamide 

To a solution of 0-[[3-(aUyloxycarbonyl)phenyl]methyl]-L-serinamide*HCl (2.92 g, 10.46 
mmol), 3-methyl-N-(t-butoxycarbonyl)-L-phenylalanine (3.29 g, 10.46 mmol), 1- 
hydroxybenzotriazole (1.92 g, 12.55 mmol), and N-methylmorpholine (4.6 mL, 4.23 g, 41.84 mmol) 
in CH2CI2 (120 mL) is added l-(3-dimethylammopropy (3.01 g, 15.69 

mmol) in one portion. The solution is stirred for 16 hours, then washed with 1 N HC1 (100 mL), 
saturated aqueous NaHC03 (1 x 50 mL), water (1 x 50 mL) and brine (1 x 50 mL), dried over 
MgS04, and evaporated. The residual solid is triturated with hot methanol to yield N-[3-methyl-N- 
(t-butoxycarbonyl)-L-phenylalanyl]-^ as a white 

solid. 

H. N-f2-r(3-(allyloxvcarbonyl)-pheny 
butoxvcarbonvlVL-phenvlalaninamide 

Oxalyl chloride (1.79 mL, 2.6 g, 20.48 mmol) is added dropwise to DMF (30 mL), and the 
resulting solution is cooled to 0°C. After the solution becomes clear, pyridine (3.31 mL, 3.24 g, 
40.96 mmol) is added, followed by N-[3-methyl-N-(t-butoxycarbonyl)-L-phenylalanyl]-0-[[3- 
(aUyloxy-carbonyl)phenyl]methyl]-L-serinamide (5.52 g, 10.24 mmol), in one portion. The yellow 
reaction solution is stirred at 0°C for 1.5 hours, after which time it is diluted with EtOAc (50 mL), 
and washed with saturated NaHC03 (1 x 50 mL), saturated LiCl (1 x 50 mL), dried over MgS04, 
and evaporated. The residue is chromatographed (silica, 40% EtOAc/hexane) to yield N-[2-[(3- 
(allyloxycarbonyl)-phenyl)methoxy]-l(S)-cyanoethyl]-3-methyl-Na-(t-butoxycarbonyl)-L- 
phenylalaninamide as a white solid. 

I. N-f2-r(3-(allyloxvcarbonylVphenynmethoxy1-l(SVcvanoethyn-3'methyl-L- 
phenylalaninamide 

A solution of N-[2-[(3-(aUyloxycarbonyl)-phenyl)methoxy]- 1 (S)-cyanoethyl]-3-methyl-Na- 
(t-butoxycarbonyl)-L-phenylalaninamide (3.18 g, 6.10 mmol) in 96% formic acid (40 mL) is stirred 
at room temperature for 5.5 hours. Formic acid is evaporated (high vacuum, 25°C), and the residue 
is taken up in water (50 mL) and basified with saturated NaHC03 (100 mL). The resulting mixture 
is extracted with EtOAc (3 x 50 mL), and then washed with water (2 x 100 mL) and brine (1 x 100 
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mL), dried over MgS0 4 , and evaporated to yield N-[2-[(3-(aUyloxycarbonyl)-phenyl)methoxy]-l(S)- 

cyanoethyl]-3-methyl-L-phenylalaninamide as a clear thick oil. 

j j^r^O^allyJo^^ 

morphojinocarbon^^ 

To a solution of N-[2-[(3-(aUyloxycarbonyl)phenyl)metho X y]-l(S)-cyanoethyl]-3-methyl-L- 

phenylalaninamidcHCl (0.29 g, 0.69 mmol) and N-methylmorpholine (0.23 mL, 0.21 g, 2.07 mmol) 
in CH2C12 (10 mL) is added mopholinecarbonyl chloride (0.21 g, 0.23 mL, 2.065 mmol) in one 
portion, and the solution is stirred at room temperature for 16 hours. The solution is then diluted 
with additional CH 2 C1 2 (40 mL), and washed with 1 N HC1 (50 mL), saturated aqueous NaHC0 3 
(1 x 50 mL), water (1 x 50 mL) and brine (1 x 50 mL), dried over MgS0 4 , and evaporated. The 
residue is chromatography (silica, 80% EtOAc/hexane) to yield N-[2-[(3-(aUyloxycarbonyl)- 
phenyl)methoxyH(S)-^^ 
clear oil. 

The corresponding 3-carboxyphenylmethoxy compound is prepared as follows: 
To a solution of N-[2-[(3-(aUyloxycarbonyl)-phenyl)methoxy]-l(S)-cyanoethyl]-3-methyl- 
Na<N-morpholmocarbonyl)-l.phenylalaiunamide (see example 3, 0.2 g, 0.375 mmol) in anhydrous 
THF (20 mL) is added morpholine (0.327 mL, 0.326 g, 3.75 mmol), followed by Pd(PPh 3 )4 (0.043 
g 0 0375 mmol). The solution is stirred at room temperature for 3 hours, after which time the THF 
is evaporated. The residue is taken up in EtOAc (100 mL) and washed with 1 N HC1 (100 mL), 
saturated aqueous NaHC0 3 (1 x 50 mL), water (1 x 50 mL) and brine (1 x 50 mL), dried over 
MgS0 4 , and evaporated. The residue is chromatographed (silica, 3% MeOH/CH 2 Cl 2 / 0.05% acetic 
acid) to yield a clear glass, which is crystallized with an EtOAc/hexane (1:50) mixture to yield N-Pr 
[(3-carboxyphenyl)^^^ 

phenylalaninamide as a white solid, m.p. 100 °C (dec). 

Exam ple 305 Synthj*^ 

(OO.Hi r hp.n ylacetvn-L- r^' > "y'ala"'na™ de 
A r^th Y l ^-f?-hrnmoethoxv)Tbenzoatg 

A solution of methyl 3-hydroxybenzoate (5.0g, 32.86 mmol), 1,2-dibromoethane (1 1.3 mL, 
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131.44 mmol), and potassium carbonate (5.45 g, 39.43 mmol) in DMF (100 mL) is refluxed 16 
hours, after which time the solution is cooled, concentrated in vacuo, and chromatographed to yield 
methyl 3-(2-bromoethoxy)-benzoate, as a yellow oil. 

B. methvl 3-(2-iodoethoxyVbenzoate 

A solution of methyl 3-(2-bromoethoxy)-benzoate (2.4 g, 9.26 mmol) and sodium iodide 
(2.78 g, 18.52 mmol) in acetone (50 mL) is refluxed for 2 hours. The resulting mixture is then 
filtered and concentrated. The residue is diluted with EtOAc (100 mL), washed with 5% 
Na2SO3(50 mL), water (2 x 50 mL) and brine (50 mL), dried over MgS04 and evaporated to yield 
methyl 3-(2-iodoethoxy)-benzoate, as a yellow oil, which is used directly. 

C. 2-(diphenvlmethvleneamino > )-4-r(3-methoxycarbonylVphenoxy1-butyronitrile 

To a solution of sodium hexamethyldisilazide (8.82 mL of a 1 .0 M solution, 8.82 mmol) in 90 
mL THF at -78°C is added a solution of N-(diphenylmethylene)aminoacetonitrile (1.90 g, 8.65 
mmol) in THF (30 mL), via syringe. After stirring 30 minutes at -78°C, a solution of methyl 3-(2- 
iodoethoxy)-benzoate (2.7 g, 8.82 mmol) in THF (20 mL) is added in to the reaction solution via 
syringe. The solution is then warmed to room temperature, and allowed to stir for 3 hours. The 
mixture is then quenched with saturated NH4CI (50 mL), and the aqueous layer is extracted with 
EtOAc (3 x 50 mL). The combined organic layers are washed with water (1 x 50 mL) and brine (1 x 
50 mL), and chromatographed (silica, 12.5% EtOAc/hexane) to yield 2-(diphenylmethyleneamino)- 
4-[(3-methoxycarbonyl)-phenoxy]-butyronitrile, as a clear oil, 

D. 2-amino-4-[3>(methoxvcarbonvn-phenoxyVbutyronitrile 
2-(Diphenylmethyleneamino)^-[(3-methoxycarbonyl)-phenoxy]-butyronitrile (3.7 g, 6.78 

mmol) is stirred vigorously for 16 hours in a biphasic mixture of 1 N HC1 (7.5 mL) and Et20 (90 
mL). The ether layer is removed, and the aqueous layer is washed with Et20 (3 x 50 mL), basified 
to pH 8 with 1 N NaOH, and extracted with EtOAc (3 x 50 mL). The combined organic layers are 
then washed with brine (1 x 50 mL), dried over MgS04 and evaporated to yield 2-amino-4-[3- 
(methoxycarbonyl)-phenoxy]-butyronitrile, as a clear oil. 

E. N'f3-(3-(methoxvcarbonvn-phenoxy)-l-cyanopropyn-3-methyl-Na'(2,2'diphenylacetyn-L- 
phenylalaninamide 

To a solution of 2-amino-4-[3-(methoxycarbonyl)-phenoxy]-butyronitrile (0.5 g, 2.13 
mmol), 3-methyl-N-(2,2-diphenylacetyl)-L-phenylalanine (see example 1, 0.80 g, 2.13 mmol) and 
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diisopropylethylamine (1.1 mL, 6.39 mmol) in CH2CI2 (15 mL) is added benzotriazol-l-yloxy-tris- 
(pyrrolidino)-phosphonium hexafluorophosphate (PyBop, 1.22 g, 2.34 mmol) in one portion. After 
stirring 1.5 hour, an additional portion of PyBop (0.61 g, 1.2 mmol) is added, and the solution is 
stirred overnight. The reaction mixture is washed with 1 N HC1 (50 mL), saturated aqueous 
NaHC03 (1 x 50 mL), water (1 x 50 mL) and brine (1 x 50 mL), dried over MgS04, and 
evaporated. The residue is chromatographed (silica, 50% EtOAc/hexane) to yield N-[3-(3- 
(methoxycarbonyl)-phenoxy)-l-cyanopropyl]-3-methyl-Na-(2,2-diphenylacetyl)-L- 
phenylalaninamide as a white solid, m.p. 152-153°C 

The corresponding carboxyphenoxy compound is prepared as follows: 
To a solution of N-[3-(3-(methoxycarbonyl)-phenoxy)-l-cyanopropyl]-3-methyl-Na-(2,2- 
diphenylacetyl)-L-phenylalaninamide (0.16 g, 0.272 mmol) in THF (3 mL) is added a solution of 
LiOH-H20 (22 mg, 0.544 mmol) in water (1.5 mL). The reaction is stirred for 1 hour, after which 
time the THF is evaporated. The residue is acidified with 1 N HC1 and extracted with EtOAc (3 x 30 
mL). The aqueous layer is washed with brine (30 mL), dried over MgS04, evaporated and 
chromatographed (5% MeOH, 0.05% AcOH, CH2CI2) to yield N-[3-(3-carboxyphenoxy)-l- 
cyanopropyl]-3-methyl-Na-(2,2-diphenylacetyl)-L-phenylalaninarnide, as a white solid, m.p. 169- 
170°C. 

Example 306 Synthesis of N-r24(5-(methoxvcarbonvn-fur-2-vn->methoxvl-KSVcvanoethvll>3- 

methvl-Na-f2.2-diohenvlacetvn-L-phenvlalaninamide 

A. 5-(bromomethylV2-furoate 

To a solution of 5-methylfurfiiral (5.0 g, 45.5 mmol) in CH2CI2 (100 mL) is added 
pulverized N-bromosuccinimide (17.8 g, 100 mmol), and the solution is subjected to sun lamp 
irradiation. After 15 minutes, the solution begins to reflux vigorously, and then settles down after 
another 2-3 minutes. After an additional 10 minutes, the dark mixture is cooled to room 
temperature, and MeOH (30 mL) is added. After 10 minutes, the solution is evaporated, and the 
residue is diluted with Et20, and washed with saturated NaHC03 (50 mL), water (50 mL) and brine 
(50 mL), dried over MgS04 and evaporated. The residue is chromatographed (silica, 15% 
EtOAc/hexane) to yield methyl 5-(bromomethyl)-2-furoate, as a yellowish oil. 
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B. 0-[fr5-methoxycarbonvlVfur-2-ylVmethyn-N-(t-butoxycarbonvlVI^serine 

To a solution of N-(t-butoxycarbonyl)-L-serine (2.5 g, 12.3 mmol) in DMF (50 mL) at - 
15°C is added sodium hydride (1.22 g, 60% in mineral oil, 30.7 mmol) portionwise with vigorous 
stirring, over 0.5 hours. After all sodium hydride is added, the mixture is stirred for an additional 10 
minutes at 0°C, and then at room temperature for 30 minutes. The solution is cooled back to 0°C, 
and a solution of methyl 5-(bromomethyl)-2-furoate (2.5 g, 12.3 mmol) in DMF (10 mL) is added 
dropwise over 2 minutes. The mixture is then warmed to room temperature for 16 hours, and the 
residue is quenched with 10% NaH2P04 (100 mL) and acidified to pH 3 with 1 N HC1. 10% LiCl 
(30 mL) is added to the solution, and the resulting mixture is extracted with EtOAc (3 x 50 mL). 
The combined extracts are washed with brine (50 mL), dried over MgS04, and evaporated to give a 
yellowish syrup. This residue is taken up in Et20 (50 mL), and extracted with saturated NaHC03(2 
x 50 mL). The aqueous layer is acidified with cone. HC1, and extracted with Et20 (2 x 50 mL), 
dried (MgS04), and evaporated. Chromatography (silica, 5% MeOH/CH2Cl2) yields 0-[[(5- 
methoxycarbonyl)-fur-2-yl]-methyl]-N-(t-butoxycarbonyl)-L-serine as a yellowish oil. 

C. Q4r(5-methoxvcarbonvn-fur--2-vl1-methvlVNa-(t-butoxvcarbonvn-L-serinamide 

A solution of 0-[[(5-methoxycarbonyl)-fur-2-yl]-methyl]-N-(t-butoxycarbonyl)-L-serine 
(0.70 g, 2.1 mmol) and N-methylmorpholine (0.46 mL, 4.2 mmol)) in CH2CI2 (50 mL) is cooled to - 
10°C, and isobutyl chloroformate (0.27 mL, 2. 1 mmol) ) is added dropwise over 10 minutes. After 
stirring for 15 minutes, ammonia gas is bubbled into the solution at a moderately vigorous rate for 15 
minutes. The solution is then warmed to room temp, over 30 minutes. CH2CI2 is evaporated, and 
the residue is dissolved in EtOAc (50 mL) . This solution is then extracted with 1 N HC1 (2 x 50 
mL), saturated NaHC03 (50 mL), water (50 mL) and brine (50 mL), dried over MgS04, and 
evaporated to yield 0-[[(5-methoxycarbonyl)-fur-2-yl]-methyl]-Na-(t-butoxycarbonyl)-L-serinamide 
as a brownish solid. 

D. 0"fr(5>methoxycarbonylVfur-2~vll-methyn- L-serinamide-HCl 

To a solution of 0-[[(5-methoxycarbonyl)-fur-2-yl]-methyl]-Na-(t-butoxycarbonyl)-L- 
serinamide (0.52 g, 1.58 mmol)) in EtOAc (50 mL) at 0°C is bubbled HCl gas at a moderately 
vigorous rate for 1 minute, during which time a lot of white precipitate is observed. The mixture is 
stirred at 0°C for 10 minutes, after which time ethyl acetate is removed, yielding 0-[[(5- 
methoxycarbonyl)-fur-2-yl]-methyl]- L-serinamide HCl as a yellowish solid. 
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E. N43-methvl-N-f2.2-diDhenylacetyl)-^ 
methyll-L-serinamide 

To a solution of 3-methyl-Na-(2,2-diphenylacetyl)-L-phenylalanine (0.40 g, 1.5 mmol), O- 
[[(5-methoxycarbonyl)-fur-2-yl]methyl]- L-serinamideHCl (0.54 g, 1.5 mmol), 1-hydroxybenzo 
triazole hydrate (0.2 g, 1.5 mmol) and N-methylmorpholine (0.66 mL, 6.0 mmol) in CH2CI2 (30 
mL) is added l-(3-dimethylan™opropyl)-3-ethylcarbodiimide-HCl (0.43 g, 2.3 mmol) in one portion, 
and the mixture is stirred at room temp, for 16 hours. The solution is then washed with 1 N HC1 
(100 mL), saturated aqueous NaHC03 (1 x 50 mL), water (1 x 50 mL) and brine (1 x 50 mL), dried 
over MgS04, and evaporated. The residual solid is triturated from ether to yield N-[3-methyl-N- 
(2,2-diphenylacetyl)-L-phenylalanyl]-0-[[5-(methox as a 

light yellow solid. 

F. N-[24(5-(methoxycarbonylVfar-2^ 
diphenvlacetvlVL-phenvIalaninamide 

Oxalyl chloride (0.046 mL, 0.36 mmol) is added dropwise to DMF (5 mL), and the resulting 
solution is cooled to 0°C. After the solution is clear, pyridine (0.032 mL, 0.40 mmol) is added, 
followed by N-[3-methyl-N-(2,2-diphenylacetyl)-I^phenylalanyl]-0-[[5^methoxycarbonyl)-fur-2-yl]-- 
methyl]-L-serinamide (0.20g, 0.33 mmol), in one portion. The yellow reaction solution is stirred at 
0°C for 1.5 hours, after which time it is diluted with EtOAc (50 mL), and washed with saturated 
NaHC03 (1 x 50 mL), saturated LiCl (1 x 50 mL), dried over MgS04, and evaporated. The residue 
is chromatographed (silica, 40% EtOAc/hexane) to yield N-[2-[(5-(methoxycarbonyl)-fur-2-yl)- 
methoxy]-l(S)-cyanoethyl]-3-methyl-Na-(2,2-diphenylacetyl)-L-phenylalaninamide as a white solid. 

Example 307 Synthesis of N-r24(3-(methoxycarbonynphenyl)thiomethoxy1- 1 (S)-cvanoethyl1>3- 
methvl-Na-f2.2-diphenvlacetvl)-L-phenylalaninamide 

A. N-f3-methyl-N-(2.2-diphenvlacetyn"L-phenylalanyll-S-trityl-L-cysteinamide 

To a solution of 3-methyl-N-(2,2-diphenylacetyl-L-phenylalanine (see example 302, 1 .0 g, 
2.68 mmol), 1-hydroxybenzotriazole hydrate (0.41 g, 2.68 mmol) and N-methylmorpholine (0.74 
mL, 6.69 mmol) in CH2CI2 (80 mL) is added l-(3-dimethylaminopropyl)-3-ethylcarbodiimide-HCl 
(0.77 g, 4.02 mmol) in one portion. After stirring 30 minutes at room temperature, S-trityl-L- 
cysteinamide (0.97 g, 2.68 mmol) is added to the solution in one portion, and the solution is stirred 
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for 16 hours. The solution is evaporated, and the residue partitioned between water (80 mL) and 
ethyl acetate (80 mL). The aqueous layer is washed with EtOAc (2 x 80 mL), and the combined 
organic layers are then washed with 1 N HC1 (100 mL), saturated aqueous NaHC03 (1 x 50 mL), 
water (1 x 50 mL) and brine (1 x 50 mL), dried over MgS04, and evaporated. The residue is 
triturated with Et20/hexane (1:1) to yield N-[3-methyl-N-(2,2-diphenylacetyl)-L-phenylalanyl]-S- 
trityl-L-cysteinamide as a white solid. 

B. N-r3"methvl~N-(2.2-diphenvlacetvlVL>phenylalanyl1-I^cysteinaniide 

To a solution of N-[3-methyl-N-(2,2-diphenylacetyl)-I^phenylalanyl]-S-trityl-L-cysteinamide 
(0.68 g, 0.95 mmol) in CH2CI2 (20 mL) is added triethylsilane (0.30 mL, 1.9 mmol), in one portion, 
followed by dropwise addition of trifluoroacetic acid (10 mL). The yellow solution is stirred at room 
temperature for 1 hour, after which time solvent is evaporated, and the residue is suspended in water 
(30 mL), filtered, and the collected solid is washed with water and ether (100 mL each), and dried in 
vacuo, to yield of N-[3-methyl-N-(2,2-diphenylacetyl)-L-phenylalanyl]-L-cysteinamide, as a white 
solid. 

C. N-f3-methvl-N^2.2-diphenvlacetvn-L-phenvlalanvn'S-rr3-(methoxvcarbonvnphenvl1 
methyll-L-cysteinamide 

A solution of N-[3-methyl-N-(2,2-diphenylacetyl)-L-phenylalanyl]-L-cysteinamide (0.72 g, 
1.51 mmol), methyl 3-(bromomethyl)-benzoate (0.35 g, 1.51 mmol), and diisopropylethylamine 
(0.27 mL, 1.53 mmol) is stirred at room temperature overnight. Solvent is evaporated, and the 
residue is treated with 1 N HC1 (50 mL), and filtered to collect a white solid, which is washed with 
water and Et20 (100 mL each). Drying in vacuo yields N-[3-methyl-N-(2,2-diphenylacetyl)-L- 
phenylalanyl]-S-[[3-(methoxycarbonyl)phenyl]methyl]-L-cysteinamide, as a white solid. 

D. N-f24f3-fmethoxvcarbonvnphenvnthiomethoxvVKS)-cvanoethvlV3-methvl-Na-f2.2> 
diphenylacetylVL-phenvlalaninamide 

Oxalyl chloride (0.29 mL, 2.90 mmol) is added dropwise to DMF (20 mL), and the resulting 
solution is cooled to 0°C. After the solution becomes clear, pyridine (0.54 mL, 5.8 mmol) is added, 
followed by N-[3-methyl-N-(2,2-diphenylacetyl)--L-phenylalanyl]-S-[[3--(methoxycarbonyl)-phenyl]- 
methyl]-L-cysteinamide (0.90 g, 1.51 mmol), in one portion. The yellow reaction solution is stirred 
at 0°C for 1 .5 hours, after which time it is diluted with EtOAc (50 mL), and washed with saturated 
NaHC03 (1 x 50 mL), saturated LiCl (1 x 50 mL), dried over MgS04, and evaporated. The residue 
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is chromatographed (silica, 33% EtOAc/hexane) to yield N-[2-[(3- 
(methoxycarbonyl)phenyl)thiomethoxyH(S)-cyanoe%^ 
phenylalaninamide as a white solid. 

Example 308 N42-r(3-carboxvphenvltoetha^ 
di phenvlacetv l-L-phenvlalaninamide 

To a solution of N-[2-[(3-carboxyphenyl)thiomethoxy]-l(S)-cyanoethyl]-3-methyl-Na- 
(2,2-diphenykcetyl)-L-phenylalaninamide (89 mg, 0.15 mmol) in acetone (5 mL) is added a solution 
of potassium peroxymonosulfate (Oxone®, 0.1 1 g, 0.18 mmol) in water (5 mL) at 0°C, and the 
solution is stirred at 0°C for 40 minutes. 5% NaHSO4(10 mL) is added, and the cloudy suspension 
is filtered. The solid is washed with water (50 mL), dried in vacuo, and then recrystalized (CH2CI2, 
Et20) to yield N-[2-[(3-carboxyphenyl)methanesulfinyl]-l(S)-cyanoethyl]-3-methyl-Na-(2,2- 
diphenylacetyl-L-phenylalaninamide product, as a white solid, m.p. 170-171°C. 

Example 309 N-f4-(3-methoxycarbonvl- 1 H-pyrazol- 1 -vlV 1 (SVcyanobutyI1-3-methyl-Na-(2.2- 
diphenylacetylVL-ph en ylalaninamide 

A. t-butyl (S)-5-hydroxv-2-( t-butoxvcarbonylaminoVpentanoate 

To a solution of N-(t-butoxycarbonyl)-L-glutamic acid t-butyl ester (6.0g, 19.78 mmol) and 
triethylamine (2.83 mL, 20.27 mmol) in THF at -10°C is added ethyl chloroformate (1.94 mL, 20.27 
mmol) dropwise, via syringe, and the solution is stirred at -10°C for 30 minutes. The solution is 
filtered to remove precipitate, and the filtrate is added into a solution of NaBH4 (2.3 g, 60.86 mmol) 
in THF (40 mL) and water (50 mL). This solution is then stirred for 4 hours, after which time the 
solution is acidified with 1 N HC1 to pH = 5, and THF is evaporated. The aqueous residue is 
extracted with EtOAc (3 x 200 mL), and the organic layers is then washed with 1 N NaOH (2 x 300 
mL), water (300 mL) and brine (300 mL), dried over MgS04, and evaporated. Chromatography 
(silica, 20% EtOAc/hexane) yields t-butyl (S)-5-hydroxy-2-(t-butoxycarbonylamino)-pentanoate as a 
thick oil. 

B. t-butvl (SV5-iodo-2-q-butoxycarbonylaminoVpentanoate 

To a solution of t-butyl (S)-5-hydroxy-2-(t-butoxycarbonylamino)-pentanoate (5.79 g, 20.0 
mmol), triphenylphosphine (8.13 g, 31.0 mmol) and imidazole (2.04 g, 30.0 mmol) in CH2CI2 (200 
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mL) at room temperature is added iodine (6.35 g, 25.0 mmol) , portionwise, over 30 minutes. The 
mixture is then stirred 16 hours at room temperature. Methanol (20 mL) is added to the solution, 
which is then stirred an additional 1 hour. Solvent is evaporated, and the residue is purified by 
chromatography (silica, 33% EtOAc/hexane) to yield t-butyl (S)-5-iodo-2-(t-butoxycarbonylamino)- 
pentanoate as a clear oil. 

C. 3-methvl-Na-te.2-diphenvlacetyn-L-phenylalanine N-hydroxysuccinimide ester 

A solution of 3-methyl-N-(2,2-diphenylacetyl)-L-phenylalanine (see example 1, 10.93 g, 
2.5 mmol) in dioxane (50 mL) at 0°C is added N-hydroxysuccinimide (0.29 g, 2.5 mmol) in one 
portion, followed by a solution of DCC (0.52 g, 2.5 mmol) in dioxane (10 mL), which is added 
dropwise over 10 minutes. The cloudy mixture is warmed to room temperature overnight, after 
which time it is cooled back to 0°C, and filtered. The filtrate is evaporated to yield 3-methyl-Na- 
(2,2-diphenylacetyl)-L-phenylalanine N-hydroxysuccinimide ester as a white solid. 

D. t-butyl (S)-5-(3-methoxvcarbonvl- 1 H-pvrazoI- 1 -yl)-2-(t-butoxycarbonvlamino)-pentanoate 
To a solution of methyl lH-pyrazole 3-carboxylate (Synth. Comm., 25, 7995, 761) (0.98 g, 

7.74 mmol) in DMF (20 mL) at 0°C is added NaH (60% suspension, 0.31 g, 7.74 mmol) 
portionwise, over 10 minutes. After stirring an additional 10 minutes, a solution of t-butyl (S)-5- 
iodo-2-(t-butoxy-carbonylamino)-pentanoate (2.78 g, 9.29 mmol) in DMF (20 mL) is added over 2 
minutes, and the solution is warmed to room temperature over 16 hours. The solvent is evaporated 
(high-vac), the residue is treated with water (50 mL) and the aqueous layer is extracted with EtOAc 
(3 x 80 mL). The combined organic layers are washed with water (2 x 200 mL) and brine (100 mL), 
dried over MgS04, and evaporated. Chromatography (silica, 25% EtOAc/hexane) yields the two 
regioisomeric products in a ~2: 1 ratio. The minor product, which is determined to be the desired 
product, t-butyl (S)-5-(3-methoxycarbonyl- 1 H-pyrazol- 1 -yl)-2-(t-butoxycarbonylamino)-pentanoate, 
is isolated as a thick, clear oil. 

E. (S V5-(-3-methoxvcarbonv l- 1 H-pvrazol- 1 -vlV2-aminopentanoic acid-HCl 
To a solution of t-butyl (S)-5-(-3-methoxycarbonyl-l H-pyrazol- l-yl)-2-(t- 

butoxycarbonylamino)-pentanoate(0.84 g, 0.21 mmol) in CH2CI2 (20 mL) at 0°C is bubbled HC1 gas 
for 30 minutes. Afterward, the solution is warmed to room temperature over 30 minutes. 
Evaporation of solvent yields (S)-5-(-3-methoxycarbonyl-l H-pyrazol- l-yl)-2-aminopentanoic 
acid-HCl as a gray-white solid. 
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F. N-f4-(3-methoxvcarbonyl- 1 H-pyrazol- 1 -ylV 1 (S)-carboxybutvl1Q-methvl-Na-(2.2- 
di phenvlacetylVL-phenvlalaninamide 

To a solution of (S)-5-(-3-methoxycarbonyl-l H-pyrazol- l-yl)-2-aminopentanoic acid-HCl 
(0.67 g, 2.13 mmol) in 10 mL water is added a solution of NaHCO3(0.72 g, 8.53 mmol) in water (10 
mL). After bubbling subsides, a solution of 3-methyl-Na-(2,2-diphenylacetyl)-L-phenylalanine N- 
hydroxysuccinimide ester (0.67 g, 2.13 mmol) in 20 mL dioxane is added dropwise over 10 minutes, 
and the solution is stirred at room temperature for 16 hours. Solvent is then evaporated, and the 
residue is diluted with water (50 mL) and adjusted to pH « 4 with 1 N HC1. The aqueous layer is 
extracted with EtOAc (3 x 80 mL), and the combined extracts are washed with brine (2 x 100 mL), 
dried over MgS04, evaporated, and triturated fromEt20 to yield N-[4-(3-methoxycarbonyl-lH- 
pyrazol- 1 -yl)- 1 (S)-carboxybutyl]-3-methyl-Na-(2,2-diphenylacetyl)-L-phenylalaninamide,which is 
carried on directly. 

G. N-f 4-( 3-methoxvcarbonyl- 1 H-pyrazol- 1 -vD- 1 f S V ( aminocarbonylVbutvn-3-methyl-Na-(2,2- 
diphenvlacetylVL-phenylalaninamide 

A solution of N-[4-(3-methoxycarbonyl- 1 H-pyrazol- 1 -yl)- 1 (S)-carboxybutyl]-3-methyl-Na- 
(2,2-diphenylacetyl)-L-phenylalaninamide (0.3 g, 0.5 mmol)) and N-methylmorpholine (0.17 mL, 1.5 
mmol) in CH2CI2 (50 mL) is cooled to -10°C, and isobutyl chloroformate (0.065 mL, 0.5 mmol) is 
added dropwise over 10 minutes. After stirring for 15 minutes, ammonia gas is bubbled into the 
solution at a moderately vigorous rate for 15 minutes. The solution is then warmed to room 
temperature over 30 min. CH2CI2 is evaporated, the residue is treated with water (30 mL). The 
suspension is adjusted to pH = 7 with 1 N HC1, and filtered. The solid is washed with water (50 mL) 
and dried in vacuo to yield N-[4-(3-methoxycarbonyH H-pyrazol- l-yl)-l (S)-(aminocarbonyl)-butyl]- 
3-methyl-Na-(2,2-diphenylacetyl)-L-phenylalaninamide. 

H. N-M-G-methoxycarbonvl- 1 H-pvrazol- 1 -yl)- 1 (S)-cyanobutvll-3-methvl-Na-( 2.2- 
diphenylacetvlVL-phenylalaninamide 

Oxalyl chloride (0.082 mL, 0.94 mmol) is added dropwise to DMF (20 mL), and the 
resulting solution is cooled to 0°C. After the solution becomes clear, pyridine (0. 15 mL, 1 .88 mmol) 
is added, followed by N-[4-(3-methoxycarbonyl-l H-pyrazol- l-yl)-l (S)-(aminocarbonyl)butyl]-3- 
methyl-Na-(2,2-diphenyl-acetyl)-L-phenylalaninamide(0.28 g, 0.47 mmol), in one portion. The 
yellow reaction solution is stirred at 0°C for 1.5 hours, after which time it is diluted with EtOAc (50 
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mL), and washed with saturated NaHC03 (1 x 50 mL), saturated LiCl (1 x 50 mL), dried over 
MgS04, and evaporated. The residue is chromatographed (silica, 66% EtOAc/hexane) to yield N- 
[4-(3-methoxycarbonyl- 1 H-pyrazol- 1 -yl)- 1 (S)-cyanobutyl]-3-methyl-Na-(2,2-diphenylacetyl)-L- 
phenylalaninamide as a white solid. 

Example 310 N44-( , 3-methoxvcarbonyl-phenyl > l-l(S)-cyanobutyll-3-niethvl-Na~r2.2- 
diphenylacetylVL-phenvlalaninamide 

A. N-(t-butoxvcarbonvn-fSVpropargylglycineamide 

To a solution of N-(t-butoxycarbonyl)-(S)-propargylglycine (2.44 g, 1 1.45 mmol) in CH 2 C1 2 
(50 mL) is added N-methylmorpholine (3.78 mL, 34.4 mmol) in one portion. The solution is then 
cooled to -10°C, and isobutyl chloroformate is added dropwise over 5 minutes. After stirring for 15 
minutes, ammonia gas is bubbled into the reaction mixture at a moderately vigorous rate for 15 
minutes. The resulting milky suspension is then warmed to room temperature over 2 hours, and the 
mixture is washed with 1 N HC1 (2 x 25 mL), aqueous NaHC0 3 (25 mL) and brine (25 mL), and 
then dried over MgS0 4 . Evaporation of solvent, followed by chromatography (silica, 65% 
EtOAc/hexane) yields N-(t-butoxycarbonyl)-(S)-propargylglycineamide, as a clear oil. 

B. ( , SV2-(t"butoxvcarbonylaminoV5-f3-carbomethoxyphenyl)"4-pentvnoic acid amide 

A solution of N-(t-butoxycarbonyl)-(S)-propargylglycineamide (1.15 g, 5.33 mmol), methyl 
3-bromobenzoate (1.15 g, 5.33 mmol), and Cu(I)I (0.041 g, 0.214 mmol) in triethylamine (25 mL) is 
deoxygenated with bubbling N 2 for 2-3 minutes. Bis(triphenylphosphine)palladium dichloride (0.075 
g, 0. 1 1 mmol) is then added in one portion, and the mixture is refluxed for 3 hours, after which time 
solvent is evaporated. The residue is then taken up in EtOAc (10 ml), and then washed with 1 N 
HC1 (40 mL) and brine (30 mL), and then dried over MgS0 4 . The residue is chromatographed 
(silica, 80% EtOAc/hexane) to yield (S)-2-(t-butoxycarbonylamino)-5-(3-carbomethoxyphenyl)-4- 
pentynoic acid amide, as a light yellow solid. 

C. (SV2-butoxvcarbonvlamino-4-(3-carbomethoxvphenvD-pentanamide 

To a solution of (S)-2-(t-butoxycarbonylamino)-5-(3-carbomethoxyphenyl)-4-pentynoic acid 
amide ( 1 . 1 1 g, 3 .22 mmol) in 1 : 1 ethanol/THF (50 mL) is added 10% Pd/C (0.5 g), and the mixture 
is hydrogenated at 1 atm. for 1 .5 hours. The mixture is filtered through celite, and evaporated to 
yield (S)-2-butoxycarbonylamino-4-(3-carbomethoxyphenyl)-pentanamide, as a clear oil. 
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E. (SV2-amino-4-(3-carbomethoxyphenyn-pentanamide HC1 

To a solution of (S)-2-(t-butoxycarbonylamino)-5-(3-carbomethoxyphenyl)-pentanamide 
(1.22 g, 3.5 mmol) in EtOAc (75 mmol) at 0°C is bubbled HC1 gas at a moderately vigorous rate, for 
5 minutes. The solution is then warmed to room temperature for 30 minutes Evaportion of solvent 
yields (S)-2-amino-4-(3-carbomethoxyphenyl)-pentanamide HC1 salt as a light yellow solid. 

F. N-f4-(3-methoxvcarbonvl-phenv0- 1 ( S V(aminocarbonylVbutyl1-3-methyl-Na-(2.2- 
di phenvlacetvlVL-phenvlalaninamide 

To a solution of (S)-2-amino-5-(3-carbomethoxyphenyl)-pentanamide HC1 (0.30 g, 0.80 
mmol), of 3-methyl-N-(2,2-diphenylacetyl)-L-phenylalanine (0.23 g, 0.80 mmol), 1- 
hydroxybenzotriazole hydrate (0.135 g, 0.89 mmol) and N-methylmorpholine (0.35 ml, 3.2 mmol) in 
CH2CI2 (25 mL) is added l-(3-din^thylaminopropyl)-3-ethylcarbodiimide-HCl (0.23 g, 1.2 mmol) in 
one portion, and the mixture is stirred at room temperature for 16 hours. The solution is then 
washed with 1 N HC1 (100 mL), saturated aqueous NaHC03 (1 x 50 mL), water (1 x 50 mL) and 
brine (1 x 50 mL), dried over MgS04, and evaporated. The residual solid is triturated with ether to 
yield N-[4-(3-methoxycarbonyl-phenylH^ 
diphenylacetyl)-L-phenylalaninamide as a light yellow solid. 

G. N-r4>r3-methoxvcarbonyl-phenvl)'KSVcvanobutvn-3-methyl-Na-f2 < 2-diphenylacetyn-L> 
phenylalaninamide 

Oxalyl chloride (0.12 mL, 1.39 mmol) is added dropwise to DMF (10 mL), and the resulting 
solution is cooled to 0°C. After the solution is clear, pyridine (0.22 mL, 2.78 mmol) is added, 
followed by N-[4-(3-methoxycarbonylphenyl)- 1 (S)-(aminocarbonyl)butyl]-3-methyl-Na-(2,2- 
diphenylacetyl)-L-phenylalaninamide (0.42 g, 0.70 mmol), in one portion. The yellow reaction 
solution is stirred at 0°C for 1.5 hours, after which time it is diluted with EtOAc (50 mL), and 
washed with saturated aqueous NaHC0 3 solution (1 x 50 mL), saturated aqueous LiCl solution (1 x 
50 mL), dried over MgS0 4 . and evaporated. The residue is chromatographed to yield N-[4-(3- 
methoxycarbonyl-phenyl)-l(S)-cyanobutyl]^-methyKNa-(2,2-diphenylacetyl)-L-phenylalaninamide, 
as a yellow solid. 

By repeating the procedure described above in Examples 302 to 310, using appropriate 
starting materials and conditions the following compounds of formula XVIII are obtained as 
identified below in Table 11. 
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The compounds of Examples 302 to 419 are selective inhibitors of cathepsin B, having IC 50 s 
for inhibition of cathepsin B, in the in vitro cathepsin B assay described above, which are typically in 
the range from about 5 nM to about 1000 nM. Illustrative of the invention, the IC 50 in the in vitro 
cathepsin B assay is about 5 nM for the compound of example 303. 

In view of their properties as selective or broad based inhibitors of cathepsin L, S and/or B 
the Compounds of the Invention described above in Examples 154 to 419 may be used for treatment 
or prophylaxis of diseases or medical conditions mediated by cathepsin L, S or B; for instance as 
hereinbefore described. 

Example 420 Preparation of 1 ,000 capsules each containing 25 mg of a Compound of the 
Invention, using the following ingredients: 

Compound of the Invention 25.00 g 

Lactose 192.00 g 

Modified starch 80.00 g 

Magnesium stearate 3.00 g 

Procedure : All the powders are passed through a screen with openings of 0.6 mm. Then the 
drug substance is placed in a suitable mixer and mixed first with the magnesium stearate, then with 
the lactose and starch until homogeneous. No. 2 hard gelatin capsules are fdled with 300 mg of said 
mixture each, using a capsule filling machine. 
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CLAIMS 

A dipeptide nitrite in which the C-terminal carboxy group of the dipeptide is replaced by a 
nitrite group (-ON) and in which the N-terminal nitrogen atom is substituted via a peptide or 
pseudopeptide linkage which optionally additionally comprises a -methylene-hetero atom- 
linker or an additional hetero atom, directly by aryl, lower alkyl, lower alkenyl, lower alkynyl 
or heterocyclyl, 

or a physiologically-acceptable and -cteavable ester or a salt thereof, 
for use as a pharmaceutical. 

A compound of formula I, or a physiologically-acceptable and -cteavable ester or a salt thereof 




wherein: 

R is optionally substituted (aryl, lower alkyl, lower alkenyl, lower alkynyl, or heterocyclyl); 
R 2 and R 3 are independently hydrogen, or optionally substitued [lower alkyl, cycloalkyl, 
bicycloalkyl, or (aryl, biaryl, cycloalkyl or bicycloalkyl)-lower alkyl]; or 
R 2 and R 3 together represent lower alkylene, optionally interrupted by O, S or NR*, so as to 
form a ring with the carbon atom to which they are attached 

wherein R* is hydrogen, lower alkyl or aryl-lower alkyl; or 
either R 2 or R 3 are linked by lower alkylene to the adjacent nitrogen to form a ring; 
R4 and R 5 are independently H, or optionally substituted (lower alkyl, aryl-lower alkyl), - 
C(0)OR 7 , or -C(0)NR 7 R 8 , 

wherein 

R 7 is optionally substituted (lower alkyl, aryl, aryl-lower alkyl, cycloalkyl, bicycloalkyl or 
heterocyclyl), and 

R 8 is H, or optionally substituted (lower alkyl, aryl, aryl-lower alkyl, cycloalkyl, 
bicycloalkyl or heterocyclyl), or 
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R4 and R5 together represent lower alkylene, optionally interrupted by O, S or NR$, so as to 
form a ring with the carbon atom to which they are attached 

wherein is hydrogen, lower alkyl or aryl-lower alkyl, or 
R4 is H or optionally substituted lower alkyl and R 5 is a substituent of formula -X 2 -(Yi) n -(Ar) p - 
Q-Z 
wherein 

Y, is O, S, SO, S0 2 , N(R 6 )S0 2 , N-R* S0 2 NR<s, CONR« or NR6CO; 
n is zero or one; 
p is zero or one; 

X 2 is lower alkylene; or when n is zero, X 2 is also C 2 -C 7 -alkylene interrupted by O, S, 
SO, S0 2 , NRo, S0 2 NR*, CONR* or NR«CO; 

wherein R* is hydrogen, lower alkyl or aryl-lower alkyl; 
Ar is arylene; 

Z is hydroxy, acyloxy, carboxyl, esterified carboxyl, amidated carboxyl, aminosulfonyl, 

(lower alkyl or aryl-lower alkyl)aminosulfonyl, or (lower alkyl or aryl-lower 

alkyl)sulfonylaminocarbonyl; or Z is tetrazolyl, triazolyl or imidazolyl; 

Q is a direct bond, lower alkylene, Y r lower alkylene or C 2 -C 7 -alkylene interrupted by 

Yi; 

X, is -C(O)-, -C(S)-, -S(O)-, -S(0) 2 -, or -P(0)(OR«)-, 

wherein R* is as defined above; 
Y is oxygen or sulphur; 

L is optionally substituted -Het-, -Het-CH 2 - or -CH 2 -Het-, 

wherein Het is a hetero atom selected from O, N or S, and 
x is zero or one; 

and aryl in the above definitions represents carbocyclic or heterocyclic aryl, 
for use as a pharmaceutical; 

a pharmaceutical composition comprising a compound of formula I as defined above as an 
active ingredient; 

a method of treating a patient suffering from or susceptible to a disease or medical condition in 
which a cathepsin is implicated, comprising administering an effective amount of a compound 
of formula I as defined above to the patient; or 
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use of a compound of formula I as defined above for the preparation of a medicament for 
therapeutic or prophylactic treatment of a disease or medical condition in which a cathepsin is 
implicated. 

3. A compound of formula I as defined in claim 2, 

provided that when R is lower alkyl not substituted by aryl, 

one of R4 or R 5 is a substituent of formula -X 2 -(Y,)„-(Ar) p -Q-Z; 
provided that when x is one, L is -0-, or -CH 2 -0- and X, is -C(O)-, 

either one of R4 or R s is a substituent of formula -X 2 -(Y,) n -(Ar) p -Q-Z, or R is not 

unsubstituted phenyl; 
provided that when R 2 = R, = R 5 = H, x is zero and X, is -C(O)-, 

R 3 is not H, -CH 3 , -CH(CH 3 ) 2 , -CH 2 -CH-(CH 3 ) 2 , -CH 2 -COOH, or -CH 2 -COO-CH 2 -CH 3) 

when R is unsubstituted phenyl, 

R 3 is not H, -CH(CH 3 ) 2 , or -CH 2 -CH-(CH 3 ) 2 , when R is 4-aminophenyl or 4-nitrophenyl, 
R 3 is not H when R is 3-aminophenyl, 3-nitrophenyl 2-chloropyridin-4-yl, or vinyl or 
R 3 is not -CH 2 -CH 2 -S-CH 3 when R is pyridin-3-yl or 2-chloropyridin-4-yl, 
provided that when R 2 = R 3 = R» = H, x is zero and X, is -C(O)- and R is phenyl, 
R 5 is not -CH(CH 3 ) 2 , 

provided that when R 3 = R, = H, R 5 is -CH 2 -CH 2 -COOH, x is zero and X, is -C(O)-, 
R 2 does not form a heterocyclic ring with the adjacent nitrogen atom, and 

provided that when R 2 = R 3 = R* = Rs = H, x is zero and X, is -S0 2 -, 
R is not 4-methylphenyl. 

4. A compound according to claim 3, of formula II, or a physiologically-acceptable and -cleavable 
ester or a salt thereof 




wherein: 
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R20 is optionally substituted (aryl, aryl-lower alkyl, lower alkenyl, lower alkynyl, heterocyclyl, 

or heterocyclyl-lower alkyl); 

R22 is H, or optionally substitued lower alkyl, and 

R 23 is optionally substituted (lower alkyl, aryl-lower alkyl, or cyloalkyMower alkyl) or 
R 22 and R23 together with the carbon atom to which they are attached form an optionally 
substituted (cycloalkyl group or heterocycloalkyl group); 

R 24 and R 25 are independently H, or optionally substituted (lower alkyl, or aryl-lower alkyl), - 

C(0)OR 7 , or -C(0)NR 7 R8, 

wherein R 7 and Rs are as defined above, or 

R 24 and R25 together with the carbon atom to which they are attached form an optionally 
substituted (cycloalkyl group or heterocycloalkyl group); 
Xj is as defined in claim 2; 
Y is oxygen or sulphur; 

L' is optionally substituted (-Het-CH 2 - or -CH 2 -Het-), 

wherein Het is a a hetero atom selected from O, N or S, and 

x is 1 or 0, 

provided that when x is one, L is -CH 2 -0- and Xi is -C(O)-, 

R 20 is not unsubstituted phenyl, 
provided that when R 22 = R24 = R25 = H, x is zero and X, is -C(O)-, 

R 23 is not H, -CH 3 , -CH(CH 3 ) 2 , -CH 2 -CH-(CH 3 ) 2 , -CH 2 -COOH, or -CH 2 -COO-CH 2 - 

CH 3 , when R 20 is unsubstituted phenyl, 

R 23 is not H, -CH(CH 3 )2, or -CH 2 -CH-(CH 3 ) 2 , when R 20 is 4-aminophenyl or 4- 
nitrophenyl, 

R 23 is not H when R 2 o is 3-aminophenyl, 3-nitrophenyl 2-chloropyridin-4-yl, or vinyl, or 
R 23 is not -CH 2 -CH 2 -S-CH 3 when R 20 is pyridin-3-yl or 2-chloropyridin-4-yl, 
provided that when R 22 = R23 = R24 = H, x is zero and X, is -C(O)- and R 20 is phenyl, 
R 25 is not -CH(CH 3 ) 2 , 

provided that when R 23 = R24 = H, R 25 is -CH 2 -CH 2 -COOH, x is zero and Xi is -C(O)-, 

R 22 does not form a heterocyclic ring with the adjacent nitrogen atom, and 
provided that when R 22 = R23 = R24 = R25 = H, x is zero and X, is -S0 2 -, 
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R 20 is not 4-methylphenyl. 



5. A compound according to claim 3, of formula IT or a physiologically- acceptable and - 
cleavable ester or a salt thereof 



wherein: 

R 2 o' is optionally substituted (Ce-Cis aryl or C 4 -Ci 8 heteroaryl); 

R 22 ' is H, or optionally substitued C r C 8 alkyl, and 

R 23 * is optionally substituted (C 2 -C 8 alkyl, or C7-C14 aralkyl), or 

R 22 ' and R^' together with the carbon atom to which they are attached form an optionally 
substituted (C 3 -C 8 cycloalkyl group or C4-C7 heterocycloalkyl group); 
R 24 * and R 2 5' are independently H, or optionally substituted (C r C 8 alkyl, C7-C14 aralkyl, or C 5 - 
C14 heteroaralkyl), -C(0)OR«\ or -C(0)NR 6 'R 7 \ 
wherein 

R*' is optionally substituted (Ci-C 8 alkyl, C7-C14 aralkyl, C 3 -C 8 cycloalkyl, C 4 -C 7 
heterocycloalkyl, C5-C14 heteroaralkyl, C 6 -C, 4 aryl, or C4-Q4 heteroaryl), and 
R 7 ' is H, or optionally substituted (Ci-C 8 alkyl, C 7 -d 4 aralkyl, C 3 -C 8 cycloalkyl, C4-C7 
heterocycloalkyl, C5-C14 heteroaralkyl, Q-Cu aryl, or C4-Q4 heteroaryl), or 

R 2 4' and R 2 5' together with the carbon atom to which they are attached form an optionally 

substituted (C 3 -C 8 cycloalkyl group or C 4 -C 7 heterocycloalkyl group); 

X, is -C(O)-, -C(S)-, -S(O)-, -S(0) 2 -, -P(0)(OR 6 , )- 
wherein R6 J is as defined above; 

Y is oxygen or sulphur; 

is optionally substituted (-Het-CH 2 - or -CH 2 -Het-), 

wherein Het is a a hetero atom selected from O, N or S, and 

x is 1 or 0, 

provided that when x is one, L' is -CH 2 -0- and Xi is -C(O)- 
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R 20 ' is not unsubstituted phenyl, 
provided that when R^' = R2/ = R*' = H, x is zero and Xi is -C(O)-, 

R 23 ' is not H, -CH 3 , -CH(CH 3 ) 2 , -CH 2 -CH-(CH 3 ) 2 , -CH 2 -COOH, or -CH 2 -COO-CH 2 - 
CH 3 , when R 20 ' is unsubstituted phenyl, 

R 23 ' is not H, -CH(CH 3 ) 2 , or -CH 2 -CH-(CH 3 ) 2 , when R 20 ' is 4-aminophenyl or 4- 
nitrophenyl, 

R 23 ' is not H when R 20 ' is 3-aminophenyl, 3-nitrophenyl, 2-chloropyridin-4-yl, or vinyl, 
or 

R 23 ' is not -CH 2 -CH 2 -S-CH 3 when R 20 * is pyridin-3-yl or 2-chloropyridin-4-yl, 
provided that when R 22 ' = R 23 ' = R24' = H, x is zero and X! is -C(O)- and R 20 ' is phenyl, 

R 25 ' is not -CH(CH 3 ) 2 , 
provided that when R 23 ' = R24 = H, R 25 ' is -CH 2 -CH 2 -COOH, x is zero and X ] is -C(O)-, 

R 20 ' does not form a heterocyclic ring with the adjacent nitrogen atom, and 
provided that when R 22 ' = R 23 ' = R24' = R 2 5' H, x is zero and X x is -S0 2 -, 
R 20 ' is not 4-methylphenyl. 

6. A compound of formula III 

i* 32 I 34 III 

R^NH — C-CONH— C-C=N 

30 J , 

R 33 Xj- (Y^rr (Ar)p-Q— Z 

wherein 

R 30 is an acyl group derived from an organic carboxylic, carbonic, carbamic or sulfonic acid; 

R 32 and R 33 are independently hydrogen, lower alkyl, cycloalkyl, bicycloalkyl, or (aryl, biaryl, 

cycloalkyl or bicycloalkyl)-lower alkyl; or R 32 and R 33 together represent lower alkylene 

so as to form a ring together with the carbon to which they are attached; 

R 34 is hydrogen or lower alkyl; 

X 2 ,Yi, Ar, Q, Z, n and p are as defined in claim 2; 

and pharmaceutical^ acceptable salts and esters thereof, 

for use as a pharmaceutical. 
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A compound of formula III as defined in claim 6, wherein R, 0 is an acyl group derived from an 

organic carboxylic, carbamic or sulfonic acid, 

and pharmaceutically acceptable salts and esters thereof. 



A compound according to claim 7, wherein 

(a) p is one; 

(b) Y, is O, S, SO, S0 2 , N(Rs)S0 2 or N-Rs; and 

(c) X 2 is lower alkylene; or when n is zero, X 2 is also C 2 -C 7 -alkylene interrupted by O, S, 
SO, S0 2 or NR«, 

and pharmaceutically acceptable salts and esters thereof. 
A compound according to claim 2, of formula IV 



■»40 



If T 

-C NH C CO NH C C = N (IV) 

I i 



R 43 R « 



wherein 

IU, is substituted phenyl or heterocyclic aryl, (mono- or di- carbocyclic or heterocyclic aryl)- 
lower alkyl or lower alkenyl, or heterocyclyl; 
R4 2 is hydrogen or lower alkyl; 

is carbocycUc or heterocyclic aryl - lower alkyl; 

R44 and R45 are independently hydrogen or lower alkyl; or 

R44 and R45 combined represent lower alkylene; 

and pharmaceutically acceptable salts and esters thereof. 



10. A compound according to claim 3 of formula V, V 
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R33 H 



* - V 

Rao'-NH— C-CONH-C C=N 

H Xr-YrAr-Q-Z 



R43 



1 



R 40 — C — NH — 9 — CO NH — C — C = N V" 

H R 45 



wherein the symbols are as defined above, and 
physiologicaUy-acceptable and -cleavable esters or salts thereof. 

U. Aprocessforthepreparationofacompoundofformulalasdefmedm 
(a) converting an amide of the formula VI 



R-L- 



?3 

X r NHC-CONH-C-CONH 2 

VI 



R 2 R 5 



wherein R, R„ R3, R« and R, have meaning as previously defined in claim 2 for the compounds 
of formula I to a nitrile of formula I; or 



(b) 



condensing a compound of the formula VII 



WO 99/24460 



PCT/EP98/06937 



134 



*4 



NH 2 -C-C=N 



VII 



wherein 



R, and R 5 have meaning as defined in claim 1 , with an acid of formula VIII 



R^L^— X r NH C-COOH 

x " 2 VIII 



wherein R, R 2 and R 3 have meaning as defined in claim 1; or with a reactive derivative thereof; 



or 



(c) condensing a compound of the formula la 

H,N-C-CONH-C-C=N (<a) 

I I 

Ra R 5 

wherein R 2 , R 3 , R4 and R 5 have meaning as defined in claim 1 with an acid corresponding to 
the group R-ILt-X,- or with a reactive derivative thereof; and in the above processes, if 
required, temporarily protecting any interfering reactive groups and then isolating the resulting 
compound of the invention; and, if desired, converting any resulting compound into another 
compound of the invention; and/or if desired, converting a resulting compound into a salt or a 
resulting salt into the free acid or base or into another salt. 

12. A method of inhibiting cathepsin activity in a mammal which comprises administering to a 
mammal in need thereof an effective amount of a compound of formula I as defined in claim 2. 
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A method of treating cathepsin dependent conditions in a mammal which comprises 
administering to a mammal in need thereof an effective amount of a compound of formula I as 
defined in claim 2. 

A method according to claim 13 of treating infiammation, osteoporosis, rheumatoid arthritis 
and osteoarthritis. 

A cathepsin inhibiting pharmaceutical composition which comprises a compound of formula I 
as defined in claim 2 as an active ingredient. 



